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INTRODUCTION 


It is customary to place all living beings in either the animal or 
vegetable kingdoms, but in reality a sharp boundary line between 
animals and plants first becomes possible when they exhibit a com- 
plicated structure; while in those of more simple organisation all 
distinctions disappear, and it becomes difficult to define the exact 
limits of Botany and Zoology. This, in fact, could scarcely be other- 
wise, as all the processes of life, in both the animal and vegetable 
kingdoms, are dependent on the same substance, protoplasm. With 
more complicated organisation, the specific differences increase, and 
the characteristics distinguishing animal from vegetable life become 
more obvious. For the present, it must be confessed, the recognition 
of an organism, as an animal or a plant, is dependent upon its 
supposed correspondence with an abstract idea of what a plant or 
animal should be, based on certain points of agreement between 
the members of each class. A satisfactory basis for the separation of 
all living organisms into the categories of animals or plants can only 
be obtained when it is shown that all organisms distinguished as 
animals are in reality genetically connected, and that a similar- 
connection exists between all plants. The method by which such 
evidence may be arrived at has been indicated in the Theory of 
Evolution. 

From the palaeontological study of the fossil remains and im- 
pressions of animals and plants, it has been established that in former 
epochs forms of life differing from those of the present age existed on 
the earth. It is also generally assumed that all living animals and 
plants have been derived by gradual modification from previously 
existing forms. This leads to the further conclusion that those 
organisms possessing almost exactly similar structure, which are 
united as species in a genus, are in reality related to one another. It 
is also probable that the union of corresponding genera into one family 
and of families into a higher group serves to give expression to a real 
relationship existing between them. 

B 
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The presumable origin of a living organism from others previously 
< -dating has been distinguished by Haeckel ( 1 ) as its phylogenetic 
development or Phylogeny. He termed the series of changes 
passed through by a living being in attaining its mature condition its 
ontogenetic development or Ontogeny. The supposition, that the 
successive steps in the ontogenetic development of an organism 
correspond to those of its phylogenetic development, and that the 
ontogeny of an organism is accordingly a more or less complete 
repetition of its phylogeny, was advanced by Fritz Muller ( 2 ), who 
Rased his conclusions on the results of comparative research. 

The idea of the gradual evolution of higher organisms from lower 
was familiar to the Greek philosophers, but a scientific basis was first 
given to this hypothesis in the last century. Through the work of 
Charles Darwin ( 3 ) in particular, the belief in the immutability of 
species has been overturned. 

Darwin is the author of the Theory of Natural Selection. 
In drawing his conclusions, he proceeds from the variability of living 
organisms, as shown by the fact that the offspring neither exactly 
reseml$e their parents nor each other. Further, he called attention 
to the constant over-production of embryonic germs, the majority of 
which must inevitably be destroyed. If this were not so, and all the 
embryos produced by a single pair attained their full development, 
they would alone, in a few generations, completely cover the whole 
surface of the earth. On account of insufficient space for all, the 
different claimants are engaged in an uninterrupted struggle, in which 
the victory is gained by those that, for any' reason, have an advantage. 
Through this “ struggle for existence,” as only those organisms 
possessing some advantage live and mature, a process of enforced 
selection between the more fortunate survivors must result. In this 
manner Darwin arrived at the supposition of a process of Natural 
Selection, which is the essential of his theory. Newly-developed 
peculiarities arising from individual variability must be inherited in 
order to become permanent characteristics of a later generation. 
That such characters are inherited is supported by the experience of 
breeders. The breeder selects individuals presenting any desired 
characters for the purpose of breeding, and has thus formed the races 
of domesticated animals and cultivated plants. These have often 
departed so widely from their wild ancestral forms that the latter are 
not certainly known. Just as in artificial selection, natural selection, 
although unconsciously, accomplishes this result. As individual 
peculiarities may be developed by careful breeding and rendered 
permanent, so by natural selection those qualities which are advan- 
tageous in the struggle for existence become more pronounced and are 
finally confirmed by heredity. By the continued operation of natural 
selection, organisms must result, which are, in the highest degree, 
fitted and adapted to their environment. Thus, by the survival of 
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the fittest, through natural selection, that adaptability to the environ- 
ment is gradually evolved, which is such a striking characteristic of 
organic life. That the transitional forms in this process of phylo- 
genetic development no longer exist, is accounted for in the theory 
of natural selection by the assumption that the struggle for existence 
must necessarily have been most severe between similar organisms. 
For similar organisms have similar necessities, and the new and 
better-equipped forms must ultimately prevail over the original less 
specialised organisms, which, thus deprived of the essential requisites 
for their existence, finally disappear. 

Since the publication of Darwin’s works many investigators have 
laboured to advance and make clear our views on phylogeny. 
Botanists now endeavour to obtain an insight into the laws of 
phylogenetic development by systematic cultivation of particular 
plants. It would appear from such cultures ( 4 ) that the starting- 
point for the origin of new species is not afforded by the “ fluctuating 
variations,” which continually occur, but by more marked variations 
which have been termed “ mutations ” ; these mutations appear 
suddenly and are strongly inherited. The tendency is to assume the 
existence of a development of the organic world due to original innate 
capabilities of the living substance and not dependent on selection. 
The origin of the large subdivisions of the animal and vegetable 
kingdoms, the “ archetypes,” would be due to this sort of evolution ( 5 ). 
These archetypes have been, and are still, continually influenced by the 
environment, and by their reaction to external conditions organisms 
have become more or less directly adapted. In this way striking re- 
semblances in external form have arisen between organisms lining under 
similar conditions although belonging to different archetypes ( 6 ). The 
progressive evolution of the archetypes as well as the direct adaptations 
to external conditions shown by them are independent of selection. 
The latter does, however, exert an influence on the process of evolution 
of the organic world, though to a much more limited extent than was 
formerly supposed. It acts especially when selection arises from the 
, mutual relations of organisms ; on the other hand it tends to render 
species distinct by removing the less advantageous variations which 
have arisen by mutation. 

If the higher organisms have been evolved from the lower, a sharp 
distinction between plants and animals is excluded. For the characters 
which are distinctive of animals and plants have appeared in the 
course of the phylogenetic development of organisms, and were at first 
wanting. The simplest organisms, which now exist, are in all prob- 
ability similar to those, which formed the starting-point of this 
development. The walls, which surround the elementary organs of 
the plant body, and the green colouring matter formed within them, 
have been cited as decish c indications of the vegetable character of an 
organism. Surrounded by firm walls, the living substance becomes 
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more isolated, and, consequently, independence of action in plants, as 
compared with animals, is diminished. By means of the green colour- 
ing Matter, plants have the power of producing their own nutritive 
substances from certain constituents of the air and water, and from the 
salts contained in the soil, and are thus able to exist independently ; 
while animals are dependent for their nourishment, and so for their 
very existence, on plants. Almost all the other differences which 
distinguish plants from animals may be traced to the structure of 
plants, or to the manner in which they obtain their food. Another 
characteristic of plants is the unlimited duration of their ontogenetic 
development, which is continuous, at certain points at least, during 
their whole life. That none of these criteria are alone sufficient for 
distinguishing plants from animals is evident from the fact that all the 
Fungi are devoid of green pigment, and, like animals, are dependent 
on* green plants for their nourishment. On the borderland of the two 
kingdoms, where all other distinctions are wanting, phylogenetic 
resemblances, according as they may indicate a probable relationship 
with plants or animals, serve as a guide in determining the position of 
an organism. 

While it is thus difficult to sharply distinguish the two great 
groups of living organisms from one another, a distinction between 
them and lifeless bodies is readily recognised. Living organisms are 
endowed with the quality of irritability, in which all lifeless bodies 
are deficient. External or internal stimuli influence living organisms 
to an activity, which is manifested in accordance with the requirements 
and conditions of their internal structure. Even in the smallest known 
organisms, all manifestations of life are occasioned by a similar 
sensitiveness to external or internal stimuli. It is, therefore, probable 
that the simplest living beings must have possessed essentially simpler 
properties than any organisms now known, which would enable us to 
connect them with non-living substances. The substance which serves 
as a basis for all development must be supposed to have had an 
inorganic origin. On the other hand, it must not be forgotten that, 
so far as is actually known, all living organisms have arisen only from 
similar organisms. So far as experience has shown, spontaneous 
generation is unknown. In olden times it was a common supposition, 
which Aristotle himself held, that even highly organised animals and 
plants could originate from sand and mud. In the same degree that 
knowledge of the actual development of living organisms was extended, 
the previously accepted cases of spontaneous generation became more 
and more restricted, and were finally limited to intestinal worms 
which could not otherwise, it was thought, be accounted for, and to 
microscopic organisms, the origin of which also was not understood. 
Now, for such organisms the possibility of a spontaneous generation 
has been disproved by more modern investigations ; the history of the 
development of intestinal worms is known, and the germs of organic 
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life have been found to exist everywhere. Schwann and Pasteur 
have been pioneers in thi$ work, and have shown that it is possible to 
hinder the development of the lower organisms, in places where it is 
customary to find them, by destroying all existing germs and at the 
same time preventing the entrance of new ones. It is due to the 
results obtained by these men in their investigations on spontaneous 
generation that we are now able to preserve food in a scientific 
manner. The germs previously existing in the substance to be 
conserved are destroyed by heat, while, by a proper mode of sealing, 
t\ie entrance of new germs is rendered impossible, and the decom- 
position, which their presence would occasion, is accordingly prevented. 

All known living organisms have been derived from other living 
organisms. But the idea of the origin of living from dead substances 
has on the other hand derived important support from the progress of 
chemical research. In the early decades of the last century it was 
customary to draw a distinct line of separation between organic and 
inorganic chemistry, And to assume that the substances dealt with by 
organic chemistry cotdd only be produced by the vital action of 
organisms. The laws governing inorganic chemistry appeared to have 
no reference to organic chemistry, the formation of organic substance 
being due to a special force, the “life force.” In 1828 WOhler 
obtained urea from ammonium cyan ate, and thus for the first time 
produced an organic compound from an inorganic substance. In 1845 
Kolbe completely synthesised trichloracetic acid, and in 1850 
Bertiielot synthesised alcohol and formic acid. The former 
substance had been synthetically prepared by Hennel in 1828, but 
Berthelot was the first to recognise its identity with the substance 
formed in alcoholic fermentation. By these results the former distinction 
between organic and inorganic chemistry was destroyed. Organic 
chemistry has become the chemistry of carbon compounds. 

In some such way it is possible that living matter originated from 
non-living at some period in the evolution of the earth when the 
conditions for its formation existed. In order that the organic world 
should have taken origin from the first living matter, one of the 
original properties of the latter must have been a capability of 
progressive development. It must have been capable of variation and 
of retaining the new characters appearing in this way, of growth, i.e . 
the increase of itself at the cost of foreign substances, and lastly, of 
reproduction, i.e. multiplication by separation into a number of parts. 

Botany, or the science of plants, may be divided into a general and 
a special part. In the general part, the structure and functions of plants 
as such will be considered ; in the special part, the particular structure 
and functions of the separate orders of plants will be discussed. 

The study of the structure of plants is called Morphology ; that 
of their functions Physiology. In the general part, morphology and 
physiology will be treated separately ; in the special part, conjointly. 
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GiE«NE<KAL BOTANY 

SECTION I 

MORPHOLOGY 

This object of vegetable morphology is the scientific study of the forms 
of plants. It does not attempt to discover the causes of the variation 
in the forms, but rather has accomplished its purpose when it succeeds 
in showing how one form may be derived from another. The only 
real basis of morphological study is, accordingly, the genealogical 
development or phylogeny (p. 2). As phylogenetic development can 
only be inferred, and cannot l3e directly followed, the methods of 
morphology must also be indirect. They are dependent on the one 
hand upon ontogeny, i.e. on the study of the development passed 
through by an organism in attaining its mature condition, and on the 
other hand upon the comparison of existing organisms with one 
another and with those that have become extinct. To a certain 
extent the ontogenetic development of a plant repeats its phylogeny 
and helps to elucidate the latter, while, by means of comparative 
investigation, extreme forms may be connected by intermediate links. 
As, however, the ontogeny of a plant is neither an exact nor invariable 
repetition of its phylogeny, and as connecting links between extreme 
forms are often wanting, the results of morphological study are 
frequently imperfect and incomplete. Such parts or members of 
plants which it is reasonable to presume have had a common origin 
are distinguished as Homologous ; those which, while probably having 
different origins, yet exercise the same functions, are termed Analogous. 
Through the adaptation of different parts to the same function, a 
similarity in both external form and internal structure often results ; 
and in this way the correct determination of morphological relation- 
ships is rendered extremely difficult. Only homologous parts have the 
same morphological value. This homology is determined by the facts 

9 
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of phytogeny and origin, and not by any correspondence in function. 
On account, however, of the intimate relation existing between the 
forfei and function, and the modifying influence of the one upon the 
other, it will be necessary in the morphological study of the different 
members of plants to take into consideration their physiological signifi- 
cation, as organs. When, for phylogenetic reasons, it seems possible 
to attribute to a number of different members a common origin, such 
a hypothetical original form is termed the fundamental or primitive 
form (“ Grundform ”). The various modifications, which the primitive 
form has passed through, constitute its metamorphosis. In this way 
the theory of the metamorphosis of plants, which was once but an 
ideal ^conception, attains its true significance. 

Slightly differentiated structures, which are found at the beginning 
of a series of progressively differentiating forms, are termed rudi- 
mentary ; imperfect structures, which have arisen as the result of the 
deterioration of some perfect forms, are termed reduced. 

Vegetable morphology includes the study of the external form and 
the internal structure of plants. The descriptive study of the external 
form of plants has been incorrectly termed ORGANOGRAPHY ( 7 ) for, by 
the use of the term “ organ,” it would seem to have a physiological 
signification. Morphology takes no recognition of the parts of a plant 
as organs, but treats of them merely as members of the plant body. 
On the other hand, one of the most important aims of physiology is to 
place the external form and the internal structure of the living body 
in relation to the functions performed by the latter ; physiology also 
investigates the causes of the organisation. The study of the internal 
structure of plants is often designated Anatomy or Phytotom y ; but 
as it usually includes also the study of the more minute internal 
structure, it resembles rather histology, in the sense in which that 
term is used by zoologists, and concerns itself to a much less degree 
with anatomy, properly speaking. In any case, it is the simplest plan 
to designate the study of the outer forms External Morphology, 
and that of the inner structure Internal Morphology. 


I. EXTERNAL MORPHOLOGY (*) 

Plants show a great diversity in the form and arrangement of 
their members ; it is the task of morphology to determine the points 
of agreement existing between them. To do this, it is necessary to 
discover a common origin for their similar but variously developed 
members. 

The Development of Form in the Plant Kingdom 

The Thallus. — When the body of a plant is not differentiated into 
separate members, or is composed of members, which (though they 



SECT. I 


MORPHOLOGY 


11 




may be similar), are not homologous with those of the most highly 
organised plants, it is termed a THALLUS. 

The simplest form that we can imagine for an organism is that of 
a sphere, and this is actu- 
ally the form of some of 
the lower plants. The 
green growth often seen 

On damp Walls Consists Of Pl °* 2 — Smcharomyces 
£ .. f - o erevmae. J, Cell* 

an aggregation 01 tne without buds ; 2 and 
small spherical bodies of 3, budding ceils, (x 
Gloeocapsa. polydermaiica f>40 ^ 

(Fig. 1), an Alga belonging to the lowest 
division of the vegetable kingdom. The 
single plants of the Beer-yeast ( Saccharo - 
myces cerevisiae) are ellipsoidal ; but, from 
their peculiar manner of growth, by bud- 
ding, they form lateral outgrowths, and thus often appear constricted 
(Fig. 2). Cylindrical and also disc-shaped forms are common to various 


Fio. l.— ii 'loeocapso polyd^rmatim. A , 
Commencement of division ; Ji, 
shortly after division ; C, a latei 
stage. ( x ’>40.) 




Fia 4. — Bacteria fron. deposits on teeth, a, 
Leptnthrix buccalis; a*, the same after treat.- 
ment with iodine ; b, Micrococcus ; c, Spiro - 
chaete dentium after treatment with iodine ; 
d, Spirillvvi sputigenum. ( x 800.) 


Fio. 3 . — IHnmilaria viridis. A, Surface 
view ; B, lateral view. ( x 540.) 

* 

Algae. The Diatomeae (Fig. 3), in particular, furnish a great variety 
of spindle, canoe, helmet, and fan-like shapes ; but they may all be 
derived from the more simple spherical, discoidal, or cylindrical forms. 
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Among the Bacteria,, which, as the cause of infectious diseases and of 
decomposition, have been the object of so much recent investigation, 
■we also meet with spherical, rod-shaped, filamentous, and * 

spirally wound forms (Fig. 4). The next stage in the 
progressive development of external form in the vegetable 
kingdom is exhibited by such plants as show a differ- 
entiation into APEX AND BASE. The base serves as a 
point of attachment, while growth is localised at the apex. 

In this way a growing point is developed at the apex. As 




Fig. 5. — Vlwt. Lactucn , 
young stage, show- 
ing .apex and base. 
( x 220.) 



Fig. 6. — Portion of Undophora glomrrata. 
(X 48.) 


Fig. 7. — Cladostephus verticillat us. 
(After Pringsheim, x 80.) 


an example of such a form, a young plant of the green Alga, Ulva 
Lactuca (Fig. 5), may be taken. The development of a more com- 
plicated external form is represented by the branched, filamentous, 
or band-shaped Algae, in which the origin of new formations is more 
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Fig. k . — Diet auto dichotomu. (jj nat. size.) 


and more restricted to the apex. An ACROPETAL order of development, 
in which the youngest lateral members are always nearest the grov 
apex, is clearly demonstrated by the branched filaments of the comi 
green Alga, Cladopkwa glo- 
merate (Fig. 6). Still more 
pronounced is the apical 
growth in the brown sea- 
weed Cladostephus verticil- 
latus (Fig. 7). The great 
variety in the form of the 
larger Fungi and Lichens, 
by which they are dis- 
tinguished as club-, um- 
brella-, salver-, or bowl- 
shaped, or as bearded or 
shrub -like, is due to the 
union or intertwining of 
apically growing filaments. This manner of development is limited 
to Fungi and Lichens. In other cases, the more complete segmenta- 
tion exhibited by the lower 
plants results from the differ- 
entiation of independently 
branching filaments and bands. 

As the apex itself may 
undergo successive modifica 
tions through continuous bifur- 
cation, as in the case of IHdyota 
dichotoma (Fig. 8), it does not 
always necessarily follow that 
the formation of new members 
must proceed directly from the 
original apex. The highest 
degree of external differentia- 
tion among the lower plants is 
met with in certain groups of 
red and brown sea-weeds (Rho - . 
dophyceae and Phaeophyceae). 
Many representatives of these 
classes resemble the higher plants 
in the formation and arrange- 
ment of their members ; Hydro- 
lapathum sanguineum (Fig. 9), 
for example, as is indicated by 
its name, has a strong resem- 
affords a remarkable illustra- 



-Hydrolapathim sanguineum . 


blance to a species of Ruinex, and 
tion of the analogy of form existing between plants phylogenetically 
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unconnected. Since, however complicated its form in particular cases 
may be, the vegetative body of these lower plants is termed a thallus, 
they are collectively designated Thallophytes. In contrast to the 
thallus, the body of the higher plants, with its segmentation into stem 
and leaves, is frequently termed a CORMUS, and the plants themselves 
Cormophytes. To the Cormophytes belong all plants from the 
Ferns upwards. 

Transition from the Thallus to the Cormus. — The lowest division 



(Nat. size.) 


Fkj. H.—JiUuth* jmsilla. .s', Sporouonium ; 
r, rliizoids. (X *A) 


of the Bryophytes, the Liverworts ( Hepaticae ), although in many cases 
possessing thalloid bodies without any 
segmentation into members, contain also 
forms with the same differentiation into 
stem and leaves as the higher plants. As 
between these two extremes there may 
be found transitional forms, this class of 
plants, accordingly, affords valuable assist- 
ance in the phylogenetic study of the de- 
velopment of cormophytic plants. A few 
examples will best illustrate these stages of 
differentiation exhibited by the Ilepaticae. 
The bifurcately branching thallus of llicda 
Jluitans (Fig. 10) is flat and ribbon-like, and 
in its general appearance resembles the 
thallus of the previously mentioned brown 
Alga, Dictyota dichotoma (Fig. 8). A more 
advanced development is shown by Blasia 
K.o .1 t.-nagUrMla'vpkMMes' PfSilk (¥ig 11), which has incisions in 
«, Hporogonium. (Nat. size.) the sides of its ribbon- like body. "The 
lobes thus formed by the lateral incisions, 
as is shown by comparison with other more highly differentiated 
Hepaticae , and also by the study of their development, are properly to 
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be regarded as leaves, the separation of which is still incomplete. 
Finally, in Plagiochila asplenioides (Fig, 12), with alternating ovate leaves 
and elongated fibrous stems, the segmentation into stem and leaf is 
complete. 

The Cormus. — With the segmentation into stem and leaf, , the 
distinctive differentiation of the Cormophyte is completed. This, 
in all probability, has occurred twice in the phylogenetic development 
of the vegetable kingdom ; once in the Bryophytes, and a second time 
in the evolution of the Pteridophytes, probably in both cases from 
ancestral forms resembling the Liverworts. All Bryophytes are 
attached to the surface on which they grow, by means of slender 
filaments or rhizoids (Fig. 11, r). It is in the next higher group of 
plants, which, as Pteridophyta or Vascular Cryptogams, are united in 
one class, that true roots, in a morphological sense, first make their 
appearance. They are for the most part cylindrical bodies with apical 
growing points. Disregarding the distinctions perceptible in its 
internal structure, a root may be distinguished from a stem by the 
root-cap or calyptra sheathing its apex, and also by the absence of 
leaves. 

The Metamorphosis of the Primitive Forms of Cormophytes. — 

After the completion of its differentiation into stem and leaf, and the 
appearance of roots, there occur only such modifications of the primi- 
tive form of the plant body of a Cormophyte as are embraced under 
its metamorphosis (p. 9), occasionally including a more or less complete 
fusion of parts originally separate and distinct. 

The relationships between homologous members, which are often very striking, 
did not escape the notice of earlier observers. They suggested comparisons, 
although no real phylogenetic basis for such comparisons existed. Thus, an ideal 
conception of the form of external members was developed, and finally reached 
its highest elaboration in Goethe’s Theory of Metamorphosis ; and its abstract 
scientific conclusion in the writings of Alexander Braun. As the great variety 
exhibited in the external appearance of tlie lower plants precluded any possibility 
of assigning to them hypothetical primitive forms, the whole terminology of the 
external morphology of plants has been derived from conceptions applicable only 
• to the Cormophytes. Even 'to-day, the same terms used in reference to the 
Cormophytes are applied to parts of the Tliallophytes, which are evidently only 
analogous. In this sense it is customary to distinguish between stern and leaf 
in such Alga* as Jiydrolapathum (Fig. 9). Such a use of terms is only permissible 
where reference is made to the manner of segmentation, with the intention of 
emphasising the analogy with the somewhat similar members of the Cormophytes. 
Indeed, even throughout the Cormophytes those structures designated by the 
same names are not truly homologous. For it is impossible to derive from the 
Bryophytes the forms of cormopliytic segmentation shown by the Pteridophytes ; 
the distinction into members appears to have originated independently in the two 
ground As Goebel ( 9 ) has pointed out, leaves have appeared in several series 
of iryophyta. However this may be, from the Pteridophytes upwards, the 
segmentation of tlie members appears to have had a similar origin, and the similarity 
of terminology is based, therefore, upon an actual homology of tln> parts. 
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r * Relations of Symmetry 

Every section through an organ or member of a plant, made in 
the direction of its longitudinal axis, is distinguished as a longitudinal 


i 



Fig. 13. — Diagram showing the so-called 
decussate arrangement of leaves. 


I 

i 



Km. 14. — Diagram showing two-ranked 
alternate arrangement of leaves. 


section ; 


those at right angles to it being termed cross or transverse 
sections. Such parts of plants as may be 
divided by each of three or more longi- 
tudinal planes into like halves are termed 
either Multilateral, Radial, or Actino- 
morphic. The degree of symmetry peculiar 
to any leafy shoot will be more apparent 
from a diagram, that is if the leaves which 
it bears be projected on a plane at right 
angles to its axis. The radial symmetry 
of a shoot with opposite leaves is clearly 
shown in the adjoining diagram (Fig. 13). 
A shoot with its leaves arranged alter- 
nately in two rows shows quite different 
relations of symmetry. The diagram of 
such a shoot (Fig. 14) can only be divided 
into similar halves by two planes. When 
such a condition exists, a member or plant 
is said to be bilateral or bisymmetrical. 
When, however, a division into two similar 
halves is only possible in one plane, the 
degree of symmetry is indicated by the 
terms SIMPLY SYMMETRICAL, MOiqOSYM- 

metrical, or zygomorphic ; since, Vv^ile 
the right and left halves correspond to i>ne 
another, differences exist between the dorsal and ventral surfaces, such 



Fm. 15.— Diagram of a foliage-leaf. 
A, Surface view; B, transverse 
section ; s, plane of symmetry. 
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bodies are also termed dorsiventral. Ordinary foliage-leaves exhibit 
this dorsiventral structure. In the accompanying figure (Fig. 15) 
such a monosymmetrical, dorsiventral foliage-leaf is diagrammatically 
represented. From, the surface view (A) and from the cross-section 
(B\ in which the distinction between the dorsal and ventral sides is 
indicated by shading, it is obvious that but one plane of symmetry 
(s) can be drawn. Dorsiventral members are often asymmetrical, 
not being divided by any plane into corresponding halves ; the leaves 
of many kinds of Begonia will serve as examples of this. 


Branch Systems 


Thallophytes as well as Cormophytes exhibit systems of branching, 
resulting either from the formation of new growing points by the 
bifurcation of a previously existing growing point, or from the develop- 
ment of new growing points in addition to those already present. In 



Fio. Id. — Diagrams of branch systems. A, Dichotomous branching ; Aa, equal dichotomy ; Ab , 
scorpioid dichotomy ; Ac, helicoid dichotomy ; B, monopodial branching ; lia, false dichotomy ; 
Eh, scorpioul cyme ; Be, helicoid cyme ; ss, sympodia. 


this way there are produced two systems of branching, the dichoto- 
mous and the monopodial. By the uniform development of a continu- 
ously bifurcating stem, a typical dichotomous system of branching is 
pi^&uced, such as is shown in Dietyota dichotoma (Fig. 8), and is repre- 
sented diagrammatically in Fig. 16, A a. In a typically developed 
example of the monopodial system there may always be distinguished 
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f| main axis, the monopodium, which gives rise to lateral branches 
from which, in turn, other lateral branches are developed. A good 
example olthis form of branching is afforded by a Fir-tree. Where 
one of the two branches is regularly developed at the expense of 
the other, the dichotomous system assumes an appearance quite 
different from its typical form. The more vigorous branches may 
then, apparently, form a main axis, from which the weaker branches 
seem to spring, just as if they were lateral branches. This mode of 
branching (Fig. 16, Ab) is illustrated by the Selaginellae. Such an 
apparent main axis ( ss ) is termed, in accordance with its origin, a 
Sympodiual On the other hand, in the monopodial system two or even 
several lateral branches may develop more strongly than the main axis, 
and so simulate true dichotomy or polytomy. Such monopodial forms 
of branching are referred to as false dichotomy (Fig. 16, Ba) or false 
polytomy, as the case may be. A good example of false dichotomy 
may b$*«een in the Mistletoe ( Viscum album). If, however, a lateral 
branch so exceeds the main axis in development that it seems 
ultimately to become a prolongation of the axis itself, a sympodium is 
again formed (Fig. 1 6, Bb). This is exactly what occurs in the Lime 
and Beech ; in both of these trees the terminal buds of each year’s 
growth die, and the prolongation of the stem, in the following spring, 
is continued by a strong lateral bud, so that in a short time its 
sympodial origin is no longer recognisable. In most rhizomes, on the 
other hand, the sympodial nature of the axis can be easily distin- 
guished ; as, for example, in the rhizome of Polygonatwn multiflorum 
(Fig. 23), in which, every year, the terminal bud gives rise to an 
aerial shoot, while an axillary bud provides for the continuance of the 
axis of the rhizome. In the flower-producing shoots or inflorescences 
of Phanerogams the different systems of branching assume very 
numerous forms. These will be more fully described in their proper 
place. To such inflorescences belong the ventrally coiled dorsi ventral 
shoots, which produce new shoots from their convex dorsal surfaces, 
instead of in their leaf-axils. 


The Shoot 

The Development of the Shoot. — Under the term shoot a stem and 
its leaves are collectively included. A stem possesses an apical mode 
of growth (Fig. 17), and its unprotected growing point is described as 
naked, in contrast to that of the root with its sheathing root-cap. 
The apex of the shoot generally terminates in a conical protuberance, 
designated the vegetative cone. As it is usually too small to be 
visible to the unaided eye, it is best seen in magnified medianUongi- 
tudinal sections. So long as the apex of the shoot is still interred ly 
undifferentiated, it continues in the embryonic condition, and it is fitom 
the still embryonal vegetative cone that the leaves take their origin. 
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Xhey first appear in acropetal succession as small, conical protuber- 
ances, and attain a larger size the further removed they are from the 




Kio. IS.— Longitudinal section of a 
bifurcating shoot (p) of Lyco- 
podium < dpinum , showing un- 
equal development of the rudi- 
mentary shoots, ?/, p" ; h, leaf 
rudiments ; cortex vascular 
strands. (After Hegelmaikr, 
x (50.) 


apex of the stem. As the leaves usually grow more rapidly than the 
stem which produces them, they envelop the more rudimentary leaves, 
and overarching the vegetative cone, form, in this manner, a BUD. 
Buds are therefore merely undeveloped shoots. If they are to remain 
for a long time undeveloped, as for example is the ease with winter 
buds, they are protected in a special manner during their period of 
rest. 

The Origin of New Shoots. — The formation of new growing points 
by the bifurcation of older points of growth, in a manner similar to 
that already described for Dictyota dichutoma 
{Fig. 8), occurs also, in almost typical form, in 
the lower thalloid Jlrpctficae (Iiircia fiuitans, Fig. 

*10). Among the Cormophytes this method of 
producing new shoots is of less frequent occur- 
rence, and is then mainly limited to the Pteri- 
dophytes, for one division of which, the Lyco- 
podiacene , it is characteristic. In this case, 
whenever a shoot is in process of bifurcation, 
two new vegetative cones are formed by the 
division of the growing point (Fig. 18). In 
most of the Lycopodia cm te the new shoots thus 
med develop unequally ; the weaker becomes 
pushed to one side and ultimately appears as a lateral branch (Fig. 19). 
Although a relationship as regards position is generally apparent between 


f/S&v 

v. -fa, : 



Fio. 10. - Bifurcating shoot 
(p) of Lycopodium inun- 
datum, showing unequal 
development of the rudi- 
mentary shoots, p', p " ; 
ft, leaf rudiments. (After 
Hkoelmaibr, x 40.) 
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the origin of leaves and the lateral shoots, in the system of branching 
resulting fu#n such a bifurcation of the vegetative cone this con- 
nection does not exist. In the more highly developed Bryophytes, 
particularly in the true Mosses, new shoots arise obliquely below the 
still rudimentary leaves at some distance from the growing point. In 
the Phanerogams new shoots generally arise in the axils of the leaves. 
In the accompanying illustration of a longitudinal section of a 
phanerogamic shoot (Fig. 17) the rudiment of a shoot (</) is just 
appearing in the axil of the third uppermost leaf ; in the axils of the 
next older leaves the conical protuberances of the embryonic leaves 
are already beginning to appear on the still rudimentary shoot. 
These rudimentary shoots may either continue to develop, or they 
may remain for a time in an embryonic condition, as buds. Shoots 
thus produced in the axils of leaves are termed axillary shoots. 
The leaf, in the axil of which a shoot develops, is called its sub- 
tending Leaf. An axillary shoot is usually situated in a line with 
the middle of its subtending leaf, although it sometimes becomes 
pushed to one side. As a rule, only one shoot develops in the axil of 
a leaf, yet there are instances where it is followed by additional or 
accessory shoots, which either stand over one another (serial buds), 
as in Lonicent , Gleditschia , Gymnocliulus, or side by side (collateral 
buds), as in many Liliaceae. 

Although in the vegetative regions, i.e. the regions in which merely 
vegetative organs are produced, the rudiments of the new shoots of 
phanerogamic plants make their appearance much later than those of 
the leaves, in the generative or flower-producing regions the forma- 
tion of the shoots follows directly upon that of their subtending leaves, 
or it may even precede them. In this last case the subtending leaves 
are usually either poorly developed or completely suppressed, as in the 
inflorescence of the Cruciferae , in which a series of phylogenetic changes 
has probably led to this result. 

Shoots developing in definite succession from the growing points 
of other shoots are designated normal, in contrast to adventitious 
shoots, which are produced irregularly from the older portions of a 
plant. Such adventitious shoots show no definite arrangement, and 
frequently spring from old stems, also from the roots of herbaceous 
plants (Brassim oleracea , J nomono sylvestns , Convolvulus arvensi s, Ihim&jr 
Acetoselki), or of bushes (Halms, liosa, Cory his), or of trees ( Populus , 
Ulmus , liobi nia), or they may develop even from leaves, particularly 
from the fronds of Ferns. An injury to a plant will frequently induce 
the formation of adventitious shoots, and for this reason gardeners 
often make use of pieces of stems, rhizomes, or even leaves as 
cuttings from which to produce new plants. A. leaf of a Begonia 
merely placed upon damp soil will soon give rise adventitiously»j:o 
new plants. 

Leaves and also normal shoots, which make their appearance as 
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outgrowths from the portions of the parent shoot, still in embryonic 
condition, have an external or EXOGENOUS origin. Adventitious 
shoots, on the other hand, which arise from the older parts of stems 
or roots, are almost always endogenous. They must penetrate the 
outer portions of their parent shoot before becoming visible. Adven- 
titious shoots formed on leaves, however, arise, like normal shoots, 
exogenously. 

The further Development of the Shoot. — All normal shoots 
are dependent for their origination upon the embryonic substance 
of the growing point of the parent shoot; even when they make 
their appearance at some distance from the growing apex (Fig. 17), 
embryonic substance has been reserved at that point for their forma- 
tion. The growing points of adventitious shoots are also, for the 
most part, produced from tissue which has retained its embryonic 
condition in the older portions of the plant. In some cases, however, 
they arise from newly-developed growing points, and afford evidence 
of the power inherent in plants to return to an embryonic state and 
produce new growing points. The processes of development, which 
result in the production of new segments at the apex of a shoot, are 
followed by an increase in size and by the further growth of the 
segments. This growth is usually introduced by the vigorous elonga- 
tion of the segments, by means of which their rapid unfolding from 
the bud is brought about. The region of strongest growth in a shoot 
is always at some distance from its growing point. 

The growth in length and consequent elongation of the shoot is in 
some cases so slight that the leaves remain close together, and leave 
no free spaces on the stem, thus forming so called DWARF SHOOTS. As 
examples of such dwarf shoots may he mentioned the thickly-clustered 
needles or fascicled leaves of the Larch, the rosettes formed by the 
fleshy leaves of the House-leek (>N cm per mum), and also the flowers of 
Phanerogams with their thickly-crowded floral leaves. In the ordinary 
or ELONGATED SHOOTS, such as are formed in the spring by most 
deciduous trees, the portions of the stem between the insertions of the 
leaves become elongated by the stretching of the shoot. The stem 
of a shoot, as contrasted with the leaves, is often spoken of as the 
axis ; the portions of the stem axis between the insertions of the 
leaves are termed the TNTEiiNoDES, and the parts of the axis, from 
which the leaves arise, the nodes. When the base of the leaves 
encircles the stem, or when several leaves take their origin at the same 
node, the nodes become strongly marked ( Lahiatae ). 

In some cases the growth in length of a shoot continues for a 
longer time at certain intermediate points by means of intercalary 
growth. Such points of intercalary growth are generally situated at 
thr ; base of the internodes, ns in the case of the Grasses. A displace- 
ment from the position originally occupied by the members of a shoot 
frequently results from intercalary growth. A bud may thus, for 
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example, become pushed out of the axil of its subtending leaf, and 
so apparently have its origin much higher on the stem; or a sub- 
tending leaf, in the course of its growth, may 
vn/j carry its axillary bud along with it, so that the 
XJ Y shoot which afterwards develops seems to spring 
directly from its subtending leaf ; or, finally, 
the subtending leaf may become attached to its 
J axillary shoot, and growing out with it, may 

J thus appear to spring from it (Fig. 20). 

' Resting Buds. — As a means of protection, 

0 buds (Fig. 21) may become invested, in winter, 

with scale-like leaves or bud-scales, which are 
,/A rendered still more effective as protective struc- 

\ tures by hairy outgrowths and excretions of 

resin and gum, and also by the occurrence of 
air-spaces. Not infrequently the subtending 
leaf takes part in the protection of its axillary 
F1 bud, and the base of the leaf-stalk, after the 

bearing its subtending leaf leaf itself has fallen, remains on the shoot 

(/), und tornnnatinf? »> a anc j f orms a cap- like covering for the winter 

11 u 1 s ^ bud. The buds of tropical plants, which have 

to withstand a dry period, are similarly protected ; but where the 


rainfall is evenly distributed throughout the 
year buds develop no such means of protection. 

All the buds of a plant do not develop ; there are 
numerous deciduous trees — su<*h as the Willow, in which 
the terminal buds of the year’s growth regularly die. 
Sometimes buds, usually the first- formed buds of each 
year’s shoot, seem able to remain dormant during 
many years without losing tlieir vitality ; these are 
termed dormant nuns. In the ease of the Oak or 
Beech such latent buds can endure for hundreds of 
years ; in the meantime, by the elongation of their con- 
nection with the stem, they continue on its surface. 
Often it is these, rather than adventitious buds, which 
give rise to the new growths formed on older parts 
of stems. It may sometimes happen that the latent 
buds lose their connection with the woody parts of tlieir 
parent stem, but nevertheless grow in thickness, and 
develop their own wood ; they then form remarkable 
spherical growths within the bark, which may attain 
the size of a hen’s egg and can be easily separated 
from the surrounding bark. Such globular shoots arc 
frequently found in Beech and Olive trees. 



Fio. 21. -Winter buds of the- 
Beech (Fag us silvatica). 
lens, Bud - scales. (Nat. 


The Metamorphosis of the Bud. — The 


bulbils and gemmas, which become separated from their parent plant, 
and serve as a means of reproduction, are special forms of modified 
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buds. They are always well supplied with nutritive substances, and 
are of a corresponding size. Many plants owe their specific name to 
the fact that they produce such bulbils, as, for example, Lilium 
bulbiferum and Dentaria bulbifera (Fig. 22). 

The Metamorphosis of Subterranean Shoots. — Shoots that live 
underground undergo characteristic modifications, and are then termed 
root-stocks or rhizomes. By means of such subterranean shoots 
many perennial plants are enabled to persist through the winter. A 
rhizome develops only reduced leaves in the form of larger or smaller, 
sometimes scarcely visible, scales. By the presence of such scale 




Fig. 23. — Rhizome of Polygonatum muUiflorum. a, Bud of 
next year’s aerial growth ; h, scar of this year’s, and 
e, d, e, scars of three preceding years’ aerial growth ; w, 
roots. ($ nat. size.) 


Fio. 22. — Shoot of Dnituria bulbi- 
frra , bearing bulbils, hr. (Nat. 
size.) 

leaves, with their axillary buds, and by its naked vegetative cone, as 
' well as by its internal structure, a rhizome may be distinguished from 
a root. .Rhizomes usually produce numerous roots ; but when this is 
not the case, the rhizome itself functions as a root. Rhizomes often 
attain a considerable thickness and store up nutritive material for the 
formation of aerial shoots. In the accompanying illustration (Fig. 23) 
is shown the root-stock of the so-called Solomon’s Seal ( Polygonatum 
multiflm'um). At d and c are seen the scars of the aerial shoots of the 
two preceding years ; and at b may be seen the base of the stem 
growing at the time the rhizome was taken from the ground, while at 
is shown the bud of the next year’s aerial growth. The rhizome of 
Coralliorrhiza innata, a saprophytic Orchid, affords a good example of a 
root-stock functioning as a root (Fig. 24). Bulbs, also, belong to the 
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class of metamorphosed shoots. They represent a shortened shoot 
with a flattened, discoid stem (Fig. 25, zk), the fleshy thickened scale 
leaves ( zs ) of which are filled with reserve food material. The aerial 
growth of a bulb develops from its axis, while new bulbs are formed 
from buds (k) in the axils of the scale leaves. Another form of under- 
ground shoot, allied to bulbs and connected with them by transitional 
forms, is distinguished as a tuber. The axis of a typical tuber, in 
contrast to that of a bulb, is fleshy and swollen, serving as a reservoir 
of reserve material, while the leaves are thin and scaly. Of such 



Fig. *J 4. - Rhizome. of CuntUiorrh iza i n until, 
a. Floral shoot; l > , rudiments of new 
rhizome branches. (After Schacht, 
mifc. size.) 



Fig. — Longitudinal section of tulip 
bulb, Tuliptt Gcsneriaim. zk, Modified 
stem ; .ca, scale leaves ; v, terminal 
bud ; 7»* , rudiment of a young bulb ; w, 
roots. (Nat. size.) 


tubers those of the Meadow Saffron (Colchicum aiitummile) or of Crocus 
sativus are good examples. In the Meadow Saffron new tubers 
arise from axillary buds near the base of the modified shoot, but in 
the Crocus from buds near the apex. In consequence of this, in the 
one case the new tubers appear to grow out of the side, and in the 
other to spring from the top of the old tubers. The tubers of the Potato 
(Fig. 26) or of the Jerusalem Artichoke ( Helianthus tuberosus) are also 
subterranean shoots with swollen axes and reduced leaves. They are 
formed from the ends of branched, underground shoots or runners 
(stolons) and thus develop at a little distance from the parent plant. 
The so-called eyes on the outside of a potato, from which the next 
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year’s growth arises, are in reality axillary buds, but the scales which 
represent their subtending leaves can only be distinguished on very 
young tubers. The parent plant dies after the formation of the tubers, 
and the reserve food stored in the tubers nourishes the young plants 
which afterwards develop from the eyes. As, in their uncultivated 
state, the tubers of the Potato plant remain in the ground and give 
rise to a large number of new plants, it is of great advantage to the 
new generation that the tubers are produced at the ends of runners, 
and are thus separated from one another. 

The Metamorphosis of Aerial Shoots. — Similar advantages to 



Fm. 2U.— Part of a growing Potato plant, .inhtinun tnln-rosHvi. The whole plant lias 
been ilevel* >p»*il from tin*, <lark-i*nlomv<l tuber in the centre. (From Nature, 
copied from -ue of Baili.on’s illustrations, J nat. size.) 


those obtained by the elongation of the underground shoots in the 
Potato accrue from surface runners, such as are produced on Straw- 
berry plants. Surface runners also bear scale-like leaves with axillary 
buds, while roots are developed from the nodes. The new plantlets, 
which arise from the axillary buds, ultimately form independent plants 
by the death of the intervening portions of the runners. 

Still more marked is the modification experienced by shoots which 
only develop reduced leaves, but the axes of which become flat and 
leaf-like, and assume the functions of leaves. Such leaf-like shoots 
are called cladodes or piiyt.loc lades. Instructive examples of such 
for mations are furnished bv Ituscus aculeatus (Fig. 27), a small shrub 
whose stems bear in the axils of their scale-like leaves (/) broad, 
sharp-pointed cladodes (cl), which have altogether the appearance of 
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leaves. The flowers arise from the upper surface of these cladodes, in 
the axils of scale leaves. In like manner the stems of the Opuntias 
(Fig. 28) are considerably flattened, while the leaves are reduced to 
small thorny protuberances. In this case the juicy flat shoots perform 
not only the functions of assimilatory organs, but also serve as water- 
reservoirs in time of drought. It is possible that all the leaves of 
a plant may become more or less completely reduced, without any 
marked change occurring in the appearance of the stems, except that 
they then take on a green colour ; this, for example, is the case in the 
Scotch Broom (Spartmm scoparinm ), which develops only a few quickly- 



Fio. 27. — Twig of liuscHsaculentHS. /, L*‘af ; 
cl, cladode ; hi, flower. (Nat. size.) 


Fiu. 2s. — Opuntut monornuthn Haw., showing flower 
and fruit. (After Schumann, \ nat. size.) 


falling leaves on its long, naked twigs. As a rule, however, leafless 
green Phanerogams will be found to have swollen stems, as in the 
variously shaped Euphorbiae and Cacti. 

Reduction of the Shoot in Parasites. — A great reduction in the 
leaves, and also in the stems, often occurs in phanerogamic parasites, 
in consequence of their parasitic mode of life. The leaves of the 
Dodder ( Cuscuta , Fig. 186, b) are only represented by - very small, 
yellowish scales, and the stem is similarly yellow instead of green. 
The green colour would, in fact, be superfluous, as the Dodder does 
not produce its own nourishment, but derives it from its host plant. 
Cuscuta Trifolii , one of the most frequent of these parasites, is oft'' T > 
the cause of the large yellow areas frequently observable in the midst 
of clover fields. In certain tropical parasites belonging to the family 
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Rafflesiaceae , the process of reduction has advanced so far that the 
flowers alone are left to represent the whole plant. Rafflesia Amoldi> 
a plant growing in Sumatra, is a remark- 
able example of this ; its flowers, although 
they are a metre wide, the largest flowers 
in existence, spring directly from the roots 
of another plant (species of CissuJ). 

Tendrillar Shoots. — A peculiar form of 
metamorphosis is exhibited by some climbing 
plants through the transformation of certain 
of their shoots into tendrils. Such tendrils 
assist the parent plant in climbing, either by 
twining about a support or otherwise hold- 
ing fast to it. The twining bifurcated ten- 
drils of the Grape-vine, for example, are 
modified shoots, and so are also the more 
profusely branched, hold-fast tendrils of Am- 
pelopsis Veitehii (Fig. 29). 

Stem -thorns. — Shoots may undergo a 
still greater reduction by their modification 
into thorns, as a defence against the depre- 
dations of animals. Of shoots modified in 
this maimer, the Black Thorn (Prunus spinosa ), 
the White Thorn (Crataegus), and the Honey 
Locust (Glediischta) afford instructive examples. 

The thorns are simple or branched, hard, 
pointed bodies. In Gleditscliia (Fig. 30) the 
tii urns are developed primarily from the uppermost of several serial 
buds; while secondary thorns may develop on 
older portions of the stem from the lower buds 
of the series, and thus give rise to clusters of 
thorns. In Colletia cruciata all the shoots are 
flattened and spiny, so that they perform the 
'duties of leaves in addition to serving as pro- 
tective structures. This plant is an American 
shrub belonging to the Rhamnaceae , which 
grows in dry sunny situations. 

Flowers. — The most marked changes in 
the form of the shoot, due to the displace- 
ment and union of its different members, take 
place in phanerogamic' flowers. The shoots 
from which flowers are developed are termed 
Fig. 30 .— Stem-thorn of Gledit' FLORAL SHOOTS, in contrast to the FOLIAGE 
trio van thus. (* liat. shoots, the functions of which are merely 
vegetative. The axis of the floral shoot 
remains short and becomes flattened or even depressed at the tip. 




Fig. 2!*. — A mpelopt, i ,< 1 ”e itch i i. 

R, R, Stem -tendrils. (j$ rmt. 
size.) 
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The leaves which spring from the floral axis often become united with 
ojie another and with the axis itself. In such cases thorough investi- 
gation of the development and the comparative morphology of the 
flower is necessary to reveal the modifications which have taken place 
during its evolution. In most instances the rule seems to hold that 
axillary bads are not formed within a flower except in cases of 
abnormal development. 

The Order of Sequence of Shoots. — If the vegetative cone of the 
primary axis of a plant, after reaching maturity, is capable of repro- 
duction, a plant with but one axis will result, and the plant is 
designated uNIaxial or haplocaulescent. Usually, however, it is not 
until a plant has acquired axes of the second or third order, when it 
is said to be diplocaulescent or triplocaulescent, or of the wth 
order, that the capacity for reproduction is attained. A good illus- 
tration of a plant with a single axis is afforded by the Poppy, in which 
the first shoot produced from the embryo terminates in a flower, that 
is, in that organ of Phanerogams which includes the sexual organs. 
As an example of a plant with a triple axis may be cited the 
common Plantain, Plantago major , whose primary axis produces only 
foliage and scale leaves ; while the secondary axes give rise solely to 
bracteal leaves, from the axils of which finally spring the axes of the 
third order, which terminate in the flowers. In the case of trees, only 
shoots of the wth order can produce flowers. Thus a division of 
labour commonly occurs in a branched plant, which finds its expression 
in differences of form between the successive shoots. These differ in 
appearance according to the special function performed by them, 
whether nutrition, storage, or reproduction. In addition to the essen- 
tial members in the succession of shoots developed in a determined 
order, there are non-essential members which repeat forms of shoot 
already present. These may appear simultaneously with the essential 
shoots, and serve to increase the size of the plant as in many annuals ; 
in many perennial plants they arise as yearly innovations on the stock. 
Adventitious shoots, as a rule, repeat members which have already 
made their appearance. Exceptionally, they form necessary links in 
the succession of shoots ; this is the case in the Podostemaceae , an* 
aquatic order of Dicotyledons found in the tropics, the plants belonging 
to which resemble Liverworts in external form. 

The Habit or General Aspect of Plants is dependent upon the 
origin, number, mode of growth, and duration of their branches, and 
on the presence or absence of non-essential shoots. Cormophytes 
which develop herbaceous aerial shoots, and persist only so long as 
is requisite for the development and ripening of their fruit, be it one 
or several vegetative periods, are called herbs. Herbaceous plants, 
however, which, although annually dying down to the ground, renejy 
their existence each year by means of new shoots produced from 
underground shoots, rhizomes, or roots, are further distinguished as 
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PERENNIALS or perennial herbs. Shrubs or trees, on the other 
hand, have woody, persistent shoots, which bear fruit repeatedly. In 
these the reproductive shoots are shed annually, and, in some, vegeta- 
tive branches are also cast off, the remaining ones persisting and 
increasing in thickness. In the Lime the ends of the leafy twigs, in 
the Scotch Fir the short shoots, and in the Oak, Elm, Willow, and 
Poplar weak lateral branches are thus lost. The leaves of evergreen 
trees remain alive for several years, while those of deciduous species 
only persist for a single vegetative period. 

Shrubs retain their lateral shoots, so that their branches are formed 
near the ground ; trees, on the contrary, soon lose their lower lateral 
branches, and have a main stem or trunk, which bears a crown of 
branches and twigs. In many trees, shrubs, and herbs the main shoot 
is vertical, while the lateral branches assume a horizontal position, or 
are directed obliquely upwards or downwards. In other cases the 
main axis is sympodial, a lateral branch continuing the direction of 
growth of the primary shoot. Sometimes a main axis is indistinguish- 
able among the group of similarly directed branches. The general 
appearance of the plant is determined by the direction and thickness 
of its branches and leafy twigs. If these are all directed upwards the 
shape is pyramidal, while broadly pyramidal, oval, and rounded forms 
arise when the branches diverge more strongly. The “weeping 
varieties ” of several familiar trees, due to the branches becoming long 
and pendulous, afford a good illustration of the dependence of habit 
upon the inode of branching. Herbaceous plants often have stems 
which creep on the surface of the ground, while other plants climb 
upon various supports by means of hooked hairs, tendrils, and winding 
movements. The latter are called climbing plants, or, if their stems 
are woody, lianes. It is the presence of numerous rope-like stems of 
lianes which renders the tropical forest so impenetrable. On both 
creeping and climbing shoots the leaves tend to become displaced 
towards the dorsal surface of the stem, while branches spring from 
the sides and roots from the ventral surface. 

# In catalogues and descriptions of plants the duration of the period of growth 
is usually expressed by special symbols : thus ® indicates an annual ; © a biennial, 
and Z a perennial heib ; Tj is employed to designate both trees and shrubs, and 
for trees the sign f) is also in use. 


The Leaf * 

Development of the Leaf. — The first appearance of the leaf as a 
lateral protuberance (Fig. 17,/) on the vegetative cone of the shoot 
has already been referred to (p. 18). When the apex of a shoot is 
removed by a transverse section and viewed from above (Fig. 31), the 
’origin of leaves as lateral protuberances is more evident than in a 
longitudinal section. The embryonic leaf rudiment generally occupies 
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Fin. 31.— Apical view of the 
vegetative cone or a shoot 
of Euonymus japonims. 
( X 12.) 


but a small portion of the periphery of the vegetative cone; it may, 
however, completely invest it. In like manner, when the mature 
leaves are arranged in whorls, the developing protuberances of the 
rudimentary leaves may, although this is not 
usually the case, form at first a continuous 
wall-like ring around the growing point ; and 
only give rise later to the separate leaf rudi- 
ments. Leaves take their origin only from such 
parts of a plant as have remained in an em- 
bryonic condition. To this rule there are no 
exceptions. A leaf never arises directly from 
the older parts of a plant. In cases where it 
apparently does so its development has been 
preceded by the formation of a growing point 
of a . new shoot. When it first appears on the 
vegetative cone a rudimentary leaf resembles 
an embryonic shoot, but a difference soon mani- 
fests itself, and the shoot rudiment develops a 
vegetative cone and lateral protuberances for 
the formation of leaves. The growing point of a shoot has usually 
an UNLIMITED GROWTH, while the growth of a leaf is LIMITED. A 
leaf usually continues to grow at its apex for a short time only, and 
then completes its segmentation and development by intercalary 
growth, which is usually 
localised near the base. It 
is true that some leaves, as 
those of Ferns, not only con- 
tinue growing for a long 
time, but also retain a con- 
tinuous apical growth and 
complete their whole seg- 
mentation in acropetal suc- 
cession. On the other hand, 
the leaf-like cladodes, 
although they are in reality 
metamorphosed shoots, ex- 
hibit a limited apical growth 
like that of ordinary leaves. 

Leaving out of consideration the Ferns and a few related plants, 
the following observations in regard to the development of the leaf 
hold good for the majority of Cormophytes. The unsegmented pro- 
tuberance of the still rudimentary leaf, termed by Eichler ( 10 ) the 
primordial leaf (Fig. 32, A , b \ first projects from the vegetative 
cone of the shoot ( A , v). This is usually followed by a separation of 
the primordial leaf into the leaf-base (g in A and B) and the ru3p* 
mentary lamina or upper leaf (o in A and B). The leaf-base, or the 



Fin. 3*2. — A pox of an Elm shoot, Ulmutt vfnnprstrh. .1, 
{Showing tho vegetative cone v, with the rudiments 
of n young leaf, b , still unsegmeiited, and of the next 
older leaf, exhibiting segmentation into the laminar 
rudiment, o, and leaf-base, (j\ It , showing the older 
leaf, viewed from the side, (x 68.) 
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part of the rudimentary leaf which immediately adjoins the vegetative 

cone, either takes no further part in the succeeding differentiation of 

the leaf, or it develops into a leaf-si-ieath (vagina) or into STIPULES. 

The upper leaf, on the other hand, gives rise to the leaf-blade or 

lamina. If the fully-developed 

leaf possesses a leaf -stalk 

(petiole), it becomes afterwards 

interposed by intercalary \ . 

growth between the upper \, * jtl 

leaf and the leaf-base. \ 

The Metamorphosis of the fa \ : ' ' . 

Leaf is exhibited in its greatest EA \ 
diversity by the leaves of fttlk \ '*■ 'J*r 
Phanerogams, in which the li‘.™ A'Oiy / 11 

various homologous lent struc- L: >’M fi? JgK: 
tures have been distinguished K.; .1. j djS 1 \A 
as SCALE LEAVES, FOI l AGE V / yf I 
LEAVES, BIIACTEAL LEAVES, C*.nv\ || / 

and FLORAL LEAVES (Fig. 33). VV, 1 ‘ 

Foliage Leaves, generally / | L 

inferred to simply as leaves, are \j/ / g 

the leaf structures on which J II 

devolves the task of providing 1 vJf 

nourishment for their parent J I, 

plants. As the exercise of this \ I, f 

function is dependent upon the Vv || — n ^ 

presence of a green i)igmeiit, || IL aw 

foliage leaves have, accord- I l| j 

ingly, a green colour. In cer- fl |j| 

tain cases, where their form is f| t 

extremely simple, as in the Y t» 

needles of Conifers, the prim- 
ordial leaf simply increases / 
in length without any fujrther .Ty 

differentiation into parts. In /; j s 
other undivided leaves, how- 
ever, whether lanceolate, ell ip- Eio. 33.— Lily of the Valley (Couvallarla majalis). nd, 
i Ion 1 n vo t n nr r 1 1 prwi « n all i wtl H ‘‘ ttle U ‘ av,ts ? lh ' foliage leaves ; hb, bracU ; b, flower ; 

tical, ovate, or otherwise snaped, ^ rhiZ0Jlie; tnPt . uiventitious rootM . ( 8 i ightlv re . 

the flat leaf-blade is distinct »iuced.) 
from the leaf-base, while a leaf- 
stalk may also be interpolated between them. If no leaf- stalk is 
developed the leaf is said to be sessile, otherwise it is described as 
stalked. The sessile leaves usually clasp the stem by a broad base. 
Where, as in the case of the Poppy ( Ptipaver somnifemm ), the leaf- 
’T>ase surrounds the stem, the leaves are described as AMPLEXICAUL ; if, 
as in species of Biipltumm , it completely surrounds the stem, the term 
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PERFOLIATE is used. If the bases of two opposite leaves have grown 
together, as in the Honeysuckle ( Lmicera Oaprifolium ), they are said 
to be CONNATE. Where the blade of the leaf continues downwards 
along the stem, as in the winged stems of the common Mullein (Var- 
bascum thapsiforme ), the leaves are distinguished as decurrent. The 
petiole of a leaf merges either directly into the leaf-base, or it swells at 
its lower end into a leaf-cushion or pulvinus, and is thus articulated 
with the leaf-base. This is the case, for instance, with many of the 
Leguminosae (Fig. 214). The leaf-blade, in turn, may be either sharply 

marked off from the petiole, 



or it may be prolonged so that 
the petiole appears winged, or 
again it may expand at its 
junction with the petiole into 
ear-like lobes. A leaf is said 
to be ENTIRE if the margin 
of the leaf-blade is wholly free 
from indentations ; otherwise, 
if only slightly indented, it is 
usually described as SERRATE, 
DENTATE, CRENATE, UNDULATE, 
SINUATE, or INCISED, as the 
case maj T be. When the inci- 
sions are deeper, but do not 
extend more than half-way to 
the middle of the leaf-blade, a 
leaf is distinguished as LOBED 
or cleft according to the char- 
acter of the incisions, whether 
more or less rounded or sharp; 
if the incisions are still deeper 
the leaf is said to be partite, 
and if they penetrate to the 
midrib or base of the leaf- 


Fkj. 34 .— Rnmtnailus uqimtilis. vb, Submerged leaves ; 
■A floating leaves ; b, flower ; /, fruit. (Reduced.) 


blade it is termed divided. 
The divisions of the leaf-blade 


are said to be ptnnate or palmate, according as the incisions run 
towards the midrib or towards the base of the leaf-blade. Where the 


divisions of the leaf-blade are distinct and have a separate insertion on 
the common leaf-stalk or on the midrib, then termed the spindle or 
rhachls, a leaf is spoken of as compound (Fig. 34, nb ) ; in all other 
cases it is said to be simple. The single, separate divisions of a com- 
pound leaf are called leaflets. These leaflets, in turn, may be entire, 
or may be divided and undergo the same segmentation as single leaves. 
In this way double and triple compound leaves may be formed. The 
leaflets are either sessile or stalked ; and sometimes also, as in Robinid and 
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Mimosa, their stalklets, articulate with the spindle by means of swollen 
pulvini. The term pedate is applied to leaves on which segments 
are further divided on one side only, and 
the new segments are similarly divided (Fig. 

37, T). Variations in the outline of leaves, 
whether they are entire, serrate, dentate, 
crenate, incised, etc., as well as peculiarities 
in their shape and segmentation, are of use 
in the determination of plants. The vena- 
tion or NERVATURE of leaves is also taken 
into consideration, and leaves are in this 
respect described according to the direction 
of their so-called veins or nerves, as paral- 
lel veined or NETTED veined. In paral- 
lel venation the veins or nerves run either 
approximately parallel with each other or in 
curves, converging at the base and apex of 
the leaf (Fig. 35, s) ; in netted veined leaves 
(Fig. 180) the veins branch off from one 
another, and gradually decrease in size until 
they form a fine anastomosing network. In 
leaves with parallel venation the parallel 
main nerves are usually united by weaker 
cross veins. Netted or reticulately veined 
leaves in which the side veins run from the 
median main nerve or midrib are further 
distinguished as pinnately veined, or as 
PALMATELY veined when several equally 
strong ribs separate at the base of the leaf- 
blade, and give rise in turn to a network of 
weaker veins. Parallel venation is character- 
istic, in general, of the Monocotyledons ; re- 
ticulate venation, of Dicotyledons. Monocotyledons have usually 
simple leaves, while the leaves of Dicotyledons are often compound, 
mid are also more frequently provided with stalks. 



Fio. 3.0. — Part of stem and leaf of 
a grass, h, Haulm ; leaf- 
sheath ; k, swelling of the leaf- 
sheath above the node ; s, part 
of leaf-blade ; 1, ligule. (Nat. 
size.) 


The nerves or veins give to a leaf its necessary mechanical rigidity and render 
possible its flattened form. The branches of the veins parallel to the margin of 
most leaves prevent their tearing : when there are no such marginal nerves in large 
thin leaves, the lamina is easily torn into strips by the wind and rain. This fre- 
quently happens to the leaves of the Banana {Musa), which, consequently, when 
growing under natural conditions in the open air, presents quite a different appear- 
ance than when grown under glass. The leaves of the Banana, after becoming 
thus divided, offer less resistance to the wind. In a similar manner the leaves of 
Palms, although undivided in their bud state, become torn even during the process 
of their unfolding. A similar protection from injury is afforded to the Aroid {Mon- 
stera ) by the holes with which its large leaf-blades become perforated. Equally 
advantageous results are secured by many plants whose leaves are, from their very 

D 
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inception, divided or dissected. The submerged leaves of aquatic plants, on the 
other hand, are generally finely divided or dissected, not only for mechanical 
purposes, 6ht also to afford a more complete exposure of the leaf surface to the 
water. Accordingly, in such water-plants as Ranunculus aquatilis (Fig. 34), which 
possess both floating and submerged leaves, it is generally the latter only that are 
dissected and filiform in character. The pointed extremity of the foliage leaves of 
many land plants, according to Stahl, facilitates the removal of water from the 
leaf surface (drip- tips). According to Racibouskt, in several tropical climbing 
plants the development of the point of the leaf precedes that of the rest of the leaf, 
and for a time performs its functions. Fleshy so-called succulent leaves, like fleshy 
stems, serve as reservoirs for storing water. 

Heterophylly. — Many plants are characterised by the development 
of different forms of foliage leaves. Such a condition is known as 
heterophylly. Thus the earlier leaves of Eucalyptus globulus are sessile 
and oval, while those subsequently formed are stalked and sickle- 
shaped. In other cases the heterophyllous character of the leaves may 
represent an adaptation to the surrounding environment, as in the 
Water Crowfoot ( Ranunculus aquatilis ), in which the floating leaves are 
lobed, while those entirely submerged are finely divided (Fig. 34). 

The Leaf-base. — In Monocotyledons the leaf -base very often forms 
a sheath about the stem; in Dicotyledons this happens much less 
frequently. In the case of the Gramincae , the sheath is open on the 
side of the stem opposite the leaf-blade (Fig. 35, v\ while in the 
Cyperaceae it is completely grown together. The sheath of the grasses 
is prolonged at the base of the lamina into a scaly outgrowth, the 
ligule. Such a sheath, while protecting the lower part of the inter- 
nodes which remain soft and in a state of growth, gives them at the 
same time rigidity. Stipules are lateral appendages sometimes found 
at the base of leaves. When present they may be either small and incon- 
spicuous (Fig. 36, ub), or may attain a considerable size. When their 
function is merely to protect the young growth in the bud, they are usually 
of a brown or yellow colour, and are not persistent ; whereas, if destined 
to become assimilatory organs, and to assist in providing nourishment, 
they are green, and may assume the structure and form of the leaf- 
blade, which sometimes becomes modified and adapted to other pur- 
poses (Figs. 48, 49). Normally, the stipules are two in number, that 
is, one on each side of the petiole. In many species of Galium , where 
the stipules resemble leaf-blades, the leaf-whorls appear to be com- 
posed of six members, but consist actually of but two leaves with their 
four stipules, which may be easily distinguished by the absence of any 
buds in their axils. In other species of the same genus {Galium cruci- 
atum and palustre) there are only four members in the whorls, as each 
two adjoining stipules become united. In many cases, as in the Rose 
and the Glover, the stipules have the form of appendages to the 
enlarged leaf-base. Sometimes both stipules are united into a single 
one, which then appears to have an axillary origin ; or the stipules 
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may completely encircle the stem, and thus form a sheath about the 
younger undeveloped leaves. This sheath-like fusion of the stipules 
may be easily observed on the India-rubber tree (Ficus elaslica ), now so 
commonly grown as a decorative plant. In this case the stipular 
sheath is burst by the unfolding of each new leaf and pushed upwards 
on the stem. In the Polygonaceac the stipular covering is similarly 
torn apart by the developing leaves, but then remains on the stem in 
the form of a membranous sheath (ochrea). 

Scale Leaves possess a simpler structure than foliage leaves, and 
are attached directly to the stem, without a leaf-stalk. They exercise 
no assimilatory functions, and are more especially of service as organs 




Fi< f.3H. — Bird Cherry (/'/•» n ns . t ri n m ). 
Bml-soitles ( J -3) ami the transition 
form (-1-0) to the foliage leaf (7). 
sp, Leaf-blade ; .s, leaf-stalk ; nb, 
stipules. (Reduced sliyhtly.) 


Fio. 37 . — Hdleborus foetidus. Foliage leaf 
(/)und intermediate forms between this 
and the bract (//). (Reduced.) 


of protection. Scale loaves exercise their most important function 
as bud-scales (Fig. 36) ; they are then hard and thick, and usually 
of a l)i*o wn colour. They most frequently take their origin from 
the enlarged leaf-base ; in that case the upper leaf either does not 
develop, or exists only in a reduced condition at the apex of the 
scale. The true morphological value of scale leaves of this nature 
is very evident in the bud scales of the winter buds of the Horse- 
chestnut (Aescalus llippocastanum) ; for, while the outer scales show 
no perceptible indications of an upper leaf, small leaf-blades can be 
distinctly distinguished at the apices of the inner scales. In other 
cases the scale leaves are modified stipules (Fig. 36), and are then also 
derived from the leaf-base ; while, in other instances, they correspond 
to the enlarged, but still undifferentiated, primordial leaves. The 
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bud-scales of the Oak are the stipules of leaves in which the lamime 
are only represented by minute scales. Scale leaves, usually colour- 
less amfin various stages of reduction, are found on rhizomes (Figs. 23, 
33), bulbs (Fig. 25), and tubers (Fig. 26). On the aerial stems arising 
from such subterranean shoots the formation of similar scale leaves 
generally precedes the development of the foliage leaves, with which 
they are connected by a series of transitional forms. 

Braeteal Leaves resemble scale leaves in form, and have a similar 
development (Fig. 33, lib). They act as subtending leaves for the floral 
shoots, and are termed bracts. They are connected with foliage leaves 
by intermediate forms (Fig. 37). Though they are not infrequently 
green they may be otherwise coloured, or even altogether colourless. 

Floral Leaves. — The modified leaves which form the flowers of 


Phanerogams are termed floral leaves. In the highest development 
attained by a phanerogamic flower (Fig. 38), the successive floral 
leaves are distinguished as sepals (/•), petals (c\ stamens (a), and 
carpels (g). In most cases the sepals are green and of a firm structure ; 
the petals, on the other hand, are more delicate and variously 



Fio. 38. — Flower of Paeon at pircyriiw . l,\ Sepals; r, 
petals ; a, stamens ; y, carpels. Part of the sepals, 


coloured. The stamens are 
generally filamentous, and 
produce the pollen in special 
receptacles. The carpels 
more closely resemble scale 
leaves, and by closing to- 
gether form receptacles within 
which the ovules are pro- 
duced. The stamens and 
carpels of Phanerogams cor- 
respond to the spore-bearing 
leaves of the Vascular Crypto- 
gams. Such spore -bearing 
leaves are termed sporo- 
PHYLLS, and even in the Vas- 


petals, and stamens hav 
pistil, consisting of two 
size.) 


e bppn removed to show the Clllar 
separate carpels. (Ilalfimt. 


cular Cryptogams exhibit a 
greater or less departure froth 


the for m of other foliage leaves. 

It is evident that the scale and braeteal leaves are to be con- 
sidered as rudimental foliage leaves, not only from the mode of 
their development but also from the possibility of transforming 
them into foliage leaves. Goebel, by removing the growing tip 
and foliage leaves of a shoot, succeeded in forcing it to develop other 
foliage leaves from its scale leaves ( n ). Rhizomes, grown in the 
hght, develop foliage leaves in place of the usual scale leaves, and 
even on a potato it is possible to induce the formation of small foliage 
leaves instead of the customary scale leaves. 

Leaf-Scars. — After a leaf has fallen, its previous point of insertion 
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on the stem is marked by the cicatrix or scar left by the fallen leaf. 
In winter, accordingly, when the trees are denuded of their leaves, the 
axillary buds are plainly perceptible above the leaf-scars. 

Vernation and Estivation. — A section through a winter bud 
shows a wonderful adaptation of the rudimentary leaves to the narrow 
space in which they are confined (Fig. 39). They may be so disposed 
that the separate leaves are spread out flat, but more frequently 
they are folded, either cross -wise or length-wise on the midrib 
(conduplicate), or in longitudinal plaits, like a fan (plaited, plicate); 
or they may be crumpled with no definite arrangement of the folds ; 
or each leaf may be rolled, either from the tip downwards (circinate) or 
longitudinally, from one margin to the other (convolute), or from both 



Fm. 3i ». — Transverse section of a lmrt of J’opvlv * 
iiii/ra. /,. Bud -scales showing imbricated 
e stivation ; /, foliage leaves with involute 
vernation ; each leaf lias two stipules. 



Km. 40.— Transverse section of a leaf-bud 
of Tsxifja I'onculcnsis, just below the 
apex of the shoot, showing a ^ diver- 
gence. (After Hofmeister.) 


margins towards the midrib, either outwards (revolute) or inwards (in- 
volute, Fig. 39, /). The manner in which each separate leaf is disposed 
in the bud is termed vernation. On the other hand, the arrangement 
of the leaves in the bud with respect to one another is designated 
^Estivation. In this respect the leaves are distinguished as free 
when they do not touch, or valvate when merely touching, or im- 
bricated, in which case some of the leaves are overlapped by others 
(Fig. 39, k). If, as frequently occurs in flower-buds, the margins of 
the floral leaves successively overlap each other in one direction, 
obliquely or otherwise, the scstivation is said to be contorted. 

The Arrangement of Leaves. — In all erect elongated shoots, and 
still more so in dwarf shoots, it is apparent that there is a marked 
regularity in the arrangement of leaves. This regularity may be most 
easily recognised in cross-sections of buds (Fig. 39), particularly in 
sections showing the apex of the vegetative cone (Fig. 31). From 
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fueh an apical section it is easily seen that the regularity in the 
order of arrangement of the rudimentary leaves is determined by their 
conformity with the position of the older leaves on the vegetative 
cone, and the consequent necessity of utilising the remaining free 
space. Thus, the position of newly developing leaves is influenced 
by those already existing, while their formation is the result of in- 
ternal causes. After the rudiments of the new leaves have become 
protruded from the vegetative cone, they come in direct contact with the 
older leaves, and may then, as Schwendener ( 1 -) has shown, become 
displaced through the consequent mutual pressure, by which corre- 
sponding changes in their ultimate position may be effected. If the 
axis does not grow in length, but only in thickness, as the rudi- 
mentary leaves increase in size, their points of insertion will be dis- 
placed laterally by longitudinal pressure ; if the axis increases in length, 
and not in thickness, the insertion of the leaves will be displaced by a 
transverse pressure. The arrangement of the leaves would also be 
affected by any increase or decrease in the size of the vegetative cone, 
unaccompanied by a corresponding increase or cessation of the growth 
of the rudimentary leaves. Abrupt changes in the usual position 
of the leaves may also be occasioned by the torsion of their parent 
stem. Thus, the leaves of Pan darns first appear in three straight 
rows on the vegetative cone, and their subsequent spiral arrangement,, 
according to Schwendener, results from the torsion of the stem. An 
irregular arrangement of the leaves, such as occurs, for example, on 
the flower* stalk of the Crown Imperial (Fritillaria imperialis ), may 
result from the unequal size of the leaves at the time of their in- 
ception on the vegetative cone. Some modes of leaf arrangement, on 
the other hand, are difficult to explain by the mutual contact and dis- 
placement of the leaf rudiments, and constitute 
objections to Sc hwenden Ell’s theory. 

A frequent mode of arrangement of foliage 
leaves is the decussate, in which two-leaved whorls 
alternate with each other (Fig. 31). A whorled 
arrangement is characteristic of floral leaves. 
When the number of leaves in each whorl is the 
same the whorls usually alternate. On the other 
hand, the number of members in the different 
whorls of floral leaves will often be found to vary 
greatly ; or a whorl, the existence of which would 
be expected from the position of other whorls 
and from a comparison with allied plants, may 
be altogether wanting. In this connection a 
comparison of the flowers of the Liliaceae and 
Iridaceae will be instructive. The flowers of the Liliaceae (Fig. 41) 
are composed of five regularly alternating, three -leaved 'whorls 
or cycles, viz. a calyx and a corolla (each consisting of three leaves, 





Fig. 41. — Diagram of a 
Liliaceous flower. The 
main axis is indicated 
by a black dot, oppo- 
site to which is the 
bract. 
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and on account of their similar appearance usually referred to con- 
jointly, as the perianth), an outer and an inner cycle of stamens, 
and finally, in the centre of the flower, an ovary of 
three carpels. In the flowers of the Iridaceae (Fig. ® 

42) the arrangement is exactly similar, except that 
one whorl, that of the inner cycle of stamen^ is 
lacking, but the three carpels are situated exactly 
as if the missing cycle of stamens were present. 

From this similarity of arrangement, despite the 
absence of the one cycle of stamens, the conclusion 
has been drawn that, at one time, the inner row 
of stamens was actually present, but has now dis- 
appeared. In constructing a THEORETICAL DIAGRAM 
of the Iridaceae the missing cycle of stamens is in- 
dicated by some special sign (by crosses in Fig. 

42) ; a diagram in which theoretical suppositions 
are not taken into consideration is called an EM- 
PIRICAL DIAGRAM. Diagrams showing the alternate arrangement of 
leaves, in cases where only a single leaf arises from each node, may be 
constructed by projecting the successive nodes of a stem upon a plane 



Flo. 


42. — Theoretical 
diagram of tlio flower 
of the iris. The ab- 
sent cycle of stamens 
is indicated by 
crosses. 



Fig. 43. — Diagram showing position of 
leaves. The leaves numbered according 
to their genetic sequence. 



Fig. 44. — The $ jjosition on the outspread 
surface of the axis, o, Ortliostichies ; p, 
parastichies. The leaves are numbered 
according to their genetic sequence. 


by means of a series of concentric circles, on which the position of the 
leaves may be indicated (Fig. 43). The angle made by the inter- 
section of the median planes of any two successive leaves is called 
their divergence, and is expressed in fractions of the circumference ; 
for example, in case the angular divergence between two successive 
leaves is 120°, their divergence is expressed by the fraction £. In 


BOTANY 


PART I 


40 ; 


the adjoining diagram (Fig. 43) a f divergence is indicated. Where 
the lateral dkt#nce between two successive leaves is - of the circum- 
ference of the stem, the sixth leaf is above the first, the seventh above 
the second, and so on. The leaves form on the axis five vertical rows, 
which are spoken of as orthostichies. Where the leaves are very 
much crowded, as in dwarf-shoots, a set of spiral rows called para- 
.stjchies, due to the contact of the nearest laterally adjacent members, 
becomes much more noticeable than the orthostichies. If the surface 
of such an axis be regarded as spread out horizontally, the parastichies 
become at once distinguishable (Fig. 44), and it will be evident that 
the sum of the parastichies cut by every cross-section through such 
an axis must equal the number of the orthostichies. On objects like 
pine cones, in which the parastichies are easily recognised, they may 
be used to determine the leaf arrangement. The most common 
divergences are the following, i, f, y, T 5 3 , etc. In this 

series it will be bbserved that in each fraction the numerator and 
denominator are the sum of those of the two preceding fractions. The 
value of the different fractions varies, accordingly, between i and J, 
while always approaching a divergence angle of 137° 30' 28". The 
frequent recurrence of the divergence angles, expressed by the 
fractions of this series, is, no doubt, due to the fact that by such 
arrangements of the leaves, the space available is utilised to the best 
advantage, and with the least possibility of mutual hindrance in the 
performance of the assimilatory functions. If a line be drawn on 
the surface of a stem, so as to pass in the shortest way successively 
through the points of insertion of every leaf, a spiral called the 
genetic: spiral will be constructed. That portion of the genetic 
spiral between any two leaves directly over each other on the same 
orthostichy is termed a cycle. Where the divergence is a cycle 
will accordingly include five leaves, and will in such a case have made 
two turns about the stem. An attempt has been made to trace spirals 
even where the leaves are arranged in whorls, but such a pro- 
cedure seems rather superfluous. It is, moreover, no longer attempted 
to extend the spiral theory to dorsiventral shoots ; since it is now 
known that this arrangement of the leaves is due, not to an ideal 
spiral law, but to mechanical causes regulating their development. 
The tips of dorsiventral shoots are frequently coiled ventrally 
inwards, bearing their leaves either dorsally or on the sides, but, in 
the latter case, more on the dorsal than ventral surface. The creeping 
stems of many Ferns or the flower-bearing shoots of Forget-me-not 
( Myosotis ) are good examples of such dorsiventral shoots. The line 
joining successive leaves in such cases is, at the best, but a zigzag. 

The Metamorphosis of Foliage Leaves. — A form of slightly modi- 
fied foliage leaves is seen in peltate leaves, or those of which the 
petioles are attached to their lower surfaces somewhat within the 
margin, as in the leaves of the Indian Cress ( Tropaeolum majus , Fig. 
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181). In the process of their development the young leaf-blades, in 
this case, grow not only in the same direction as the petioles, as a 
prolongation of them, but also horizontally in front of them. The 
tabular leaves of many insectivorous plants may have commenced 
their development in much 
the same way. The leaves 
of Nepenthes rohusta (Fig. 

45), for example, in the 
course of adaptation to the 
performance of their special 
function, have acquired the 
form of a pitcher with a 
lid which is closed in young 
leaves, but eventuallyopens. 

The pitcher, as Goebel hits 
shown, arises as a modifica- 
tion of the leaf-blade. At 
the same time the leaf-base 
becomes expanded into a 
leaf -like body, while the 
petiole between the two 
parts sometimes fulfils the 
office of a tendril. By a 
similar metamorphosis of 
its leaflets, bladder -like 
cavities are developed on 
the submerged leaves of 
Utrinihria (Fig. 46). The 
entrance to each bladder 
is fitted with a small valve 
which permits the ingress 
but not the egress of small 
water-animals. While such 
leaves display a progressive 
metamorphosis, in other instances the modifications are of the 
nature of a reduction. A metamorphosis of the whole leaf lamina, 
or a part of it, into tendrils (leaf -tendrils) is a comparatively 
frequent occurrence, especially among the Papilionaceae . In the 

adjoining figure of a Pea leaf (Fig. 47), the upper pair of leaf- 
lets have become transformed into delicate tendrils which have the 
power of twining about a support. In the case of the yellow Vetch- 
ling, Lathyms Aphaca (Fig. 48), the whole leaf is reduced to a tendril 
and the function of leaf-blade is assumed by the stipules ( n ). A com- 
parison between these two forms is phylogenetically instructive, as it 
indicates the steps of the gradually modifying processes which have 
resulted in the complete reduction of the leaf lamina of Lathyrus. The 
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comparison of the two preceding cases with Ampelopsis (Fig. 29) will 



Fig. 46.— f Jtrirularin vulgnri ». A, Part of leaf with several bladders (x2). Ji, Single 
pinnule of leaf with bladder (x 6). C, (after Goebel), Longitudinal section of a 
bladder ( x 28) ; r, valve ; a, wall of bladder ; J, cavity of bladder. 

make the distinction between leaf-tendrils and stem-tendrils clear, and 
indicate the value of comparative morphological investigation. 



Flo. 47. — Portion of stem and leaf of the common Tea, Fig. 48.— Lathyrus Aphnca. 

Pisum sativum, s, Stem; n, stipules; b, leaflets of - s, Stem; n, stipules; 

the compound leaf; r, leaflets modified as tendrils ; a, b, leaf- tendril. nat. 

floral shoot. nat. size.) size.) 

In Lathyms Aphaca the stipules assume the function of the 
metamorphosed leaf lamime ; in other instances, as in the case of the 
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Australian Acacias (Fig. 54, 7, 8, 9), it is the leaf petioles which, 
becoming flattened and leaf -like in appear- 
ance, supply the place of the undeveloped 
leaf -blades. Such a metamorphosed petiole 
is called a PHYLLODE, and, except that it is 
expanded perpendicularly, exactly resembles 
a cladode. From the latter, however, it is 
morphologically different, for the one repre- 
sents a metamorphosed petiole, the other a 
metamorphosed shoot. In accordance with 
this distinction phylJodes do not, like cla 
dodes, spring from the axils of leaves. Just 
as stems become modified into thorns (Fig. 

30), by a similar metamorphosis leaves may 
be converted into leaf thorns. Whole leaves „ 

on the main axis of the Barberry (Beroens pound leaf of uobhda Pmuia. 
vulgaris) become thus transformed into thorns, cuda. «, stipules modMed 
usually three, but in their character of leaves leaf ' cushlon ‘ 

still giye rise to axillary shoots provided with 

foliage leaves. By a similar metamorphosis, the two stipules of the 
leaves of the common Locust ( liobinia * Pseudacaci a) become modified into 
thorns, while the leaf lamina persists as a foliage leaf (Fig. 49). 

The Root 

The third member of the plant body of Cormophytes, in its 
typical development as an underground root, shows but little varia- 
tion. This regularity of form is due to the uniformity of the conditions 
to which roots are exposed in the ground, for aerial roots, which are 
for the most part restricted to the moist climate of the tropics, exhibit 
a much greater tendency to modification. The covered vegetative 
cone and the inability to develop leaves are characteristic of roots, and 
furnish an easy means of distinguishing them from underground shoots. 
A root-cap or CALYPTR4 affords the vegetative cone of a root the 
protection that is provided to the apex of a stem by the rudimentary 
leaves. Although, generally, the existence of a root-cap is only dis- 
closed by a median, longitudinal section through the root-tip, in some 
roots it is plainly distinguishable as a cap-like covering. The very 
noticeable caps on the water roots of Duckweed ( Lemna ) are not, in 
reality, root-caps, as they are not derived from the root, but from a 
sheath which envelops the rudimentary root at the time of its origin. 
They are accordingly termed root-pockets. As a general rule, 
however, roots without root-caps are of rare occurrence, and in the 
case of the Duckweed the root-pockets perform all the functions of a 
root-cap. The short-lived roots of the Dodder (p. 26) afford another 
example of roots devoid of root-caps. Characteristic of roots are also 
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the root-hairs (Fig. 53, r), which are found at a short distance from 
their apices. As the older root-hairs die at the same rate that the 
new ones are developed, only a small portion of a root is provided 
with root-hairs at the same time. In some few instances roots develop 
no root-hairs ; this is true of the roots of many Conifers, and of most 
aerial roots. 

Branching 1 of the Root. — J ust as the shoot may become bifurcated 
by the division of its growing point (Fig. 18), so a root may become 
similarly branched. For the most part, this mode of branching takes 
place only in .the roots of Lycopodiaceae , the shoots of which are also 
dichotomously branched (p. 19). The branching of roots usually 
occurs in acropetal succession, but the lateral roots (Fig. 53, sw) make 
their, appearance at a much greater distance from the growing point 
of the main root, than lateral shoots from the apex of their parent 
stem. By reason of the internal structure of their parent root, lateral 
roots always develop in longitudinal rows (Fig. 53). They are of 
endogenous origin, and before reaching the surface must break through 
the surrounding and overlying tissue of the parent root, by the 
ruptured portions of which they are often invested, as with a collar. 

Adventitious roots, just as adventitious shoots, may arise from 
any part of a plant. They are especially numerous on the underside 

of rhizomes (Fig. 23, w), and 
also, when the external condi- 
tions are at all favourable, they 
seem to develop very readily 
from the stem nodes. A young 
shoot, or a cutting planted in 
moist soil, quickly forms ad- 
ventitious roots, and roots may 
also arise in a similar manner 
from leaves, especially from 
Begonia leaves. The origin 
of adventitious roots, as of all 
roots, is endogenous. Dormant 
root rudiments occur in the 
same manner as dormant buds 
of shoots. The ease with which 
willows are propagated from 
shoots is well known, and is 
due to 1 the promptness with 
which they develop adventi- 
tious roots from apparently latent embryonic tissue, when the requisite 
conditions of moisture and darkness are fulfilled. 

The Metamorphosis of the Root. — The customary nomenclature 
for the various root forms is based on their shape, size, and mode of 
branching. A root which is a prolongation downwards of the main 



Fig. 50. — Hoot- tubers of Dahlia variuhUis. s, The 
lower portions of cut stems. (1 mat. size.) 
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stem is called the main root or tap-root ; the other roots are termed, 
with reference to the tap-root, lateral roots of different orders, 
according to the order of their development. A tap-root is present in 
Gymnosperms and many Dicotyledons, while it is, as a rule, wanting 
in Monocotyledons. The root system of most Monocotyledons and 
many Dicotyledons mainly consists of adventitious roots arising from 
the base of the stem. The roots may enlarge and become turnip- 
shaped or tuberous (Fig. 50). Such tuberous growths often greatly 
resemble stem tubers, but may be distinguished from them by their 
root-caps, by the absence of any indications of leaf development, and 
by their internal structure. 

The tubers of the Orchidaccac exhibit, morphologically, a peculiar mode of for- 
mation. They are, to a great extent, made up of fleshy, swollen roots, fused 
together and terminating above in a shoot-bud. At their lower extremity the 
tubers are either simple or palmately segmented. In- the adjoining figure (Fig. 
51) both an old (t') and a young tuber (t") are represented still united together. 
The older tuber has produced its flowering shoot (ft), and has begun to shrivel and 
dry up ; a bud, formed at the base of the shoot, in the axil of a scale leaf ( s ), has 
already developed the adventitious roots, which, swollen and fused together, have 
given rise to the younger tuber. 

The aerial roots of tropical Epiphytes ( 13 ) differ considerably in 
their structure from underground roots. The aerial roots of the 
Orchidaceae and of many Aroideae are provided with a spongy sheath, 
the velamen, by means of which they are enabled to absorb moisture 
from the atmosphere. Aerial roots, in some 
cases, grow straight downwards, and upon 
reaching the ground, branch and function 
as nutritive roots for the absorption of 
nourishment ; in other instances, they turn 
from the light, and, remaining comparatively 
short and unbranched, fasten themselves as 
climbing roots to any support with which 
they come in contact. The cli mbing roots 
of many Orchids, Aroids, and Ferris branch 
and form lodgment places for humus ; and fig. r>i .—orchis lati/oiin. t\ The 
into this the nutritive root branches pene- old root -tuber ; f", the young 

trate as special outgrowths of the climbing scale leaf with axillary bud, 

roots. Pendent aerial roots generally con- 1Voin which the new tuber 
tain chlorophyll. In the Orchid Angrae- 
cum globulosum the task of nourishing the 

plant is left entirely to the aerial roots, which are then devoid of 
a velamen, and very much flattened. They are distinctly green- 
coloured, and supply the place of the leaves which lose their green 
colour and are reduced to scales. The flat, dorsi ventral, chlorophyll- 
containing roots of the tropical Pododemaceae ( 14 ) fulfil a similar 
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function. The aerial roots of the epiphytic Bromeliaceae are developed 
exclusively as climbing roots, while the leaves function not only as 
assimilating organs, but also assume the whole task of water-absorption. 
All the aerial roots of Epiphytes are, so far as their origin is concerned, 
adventitious. 


The numerous adventitious roots which form a thickly-matted covering on the 
trunks of Tree-ferns become hard after death, and serve as organs of protection. In 
some Palms ( AcanthorrlUza , Iriartea ) the adventitious roots on the lower part of 
the stem become modified into thorns, hoot-thorns. The roots of certain tropical 
plauts, such as Pandanus and the swamp-inhabiting Mangrove trees, are specially 
modified. These plants develop on their stems adventitious roots, which grow 
obliquely downwards into the ground, so that the stems finally appear as if growing 
on stilts. The Banyan trees of India ( Ficus Indica ) produce wonderful root- 
supports from the under side of their branches, upon which they rest as upon 
columns. The lateral roots of certain Mangrove trees become modified as peculiar 
breathing organs, and for this purpose grow upwards into the air out of the swampy 
soil or water in which the trees grow ; they then become greatly swollen or flattened, 
and provided with special aerating passages. Such respiratory or aerating 
roots surround the Mangrove trees like vigorous Asparagus stalks, and enable the 
roots growing below in the mud to carry on the necessary exchange of gases with 
the atmosphere. 


Reduction of Roots. — There is a general relation between the 
degree of development of the leaf-surface and of the root-system. 
In saprophytic and parasitic plants, the shoots of which are as a rule 
extremely reduced, a corresponding reduction of the root-system can 
be recognised. The roots of the Dodder (Cuseuta) form wart-like 
excrescences (Fig. 186, H) at the point of contact with their nourish- 
ing host, which they finally penetrate. They draw nourishment from 
the host plant, and are consequently termed suction ROOTS or 
HAUSTORIA; such haustoria divide within their host into single 
filaments, and from each filament a new parasitic plant may be formed. 
The immense flowers of Baffiesia Arnold i, which spring directly from 
the roots of Cissus , owe their origin to similar haustoria. The reduc- 
tion of the roots may extend to such a degree that, in many plants, 
no roots are formed. It has been already mentioned that in the 
case of Comlliorrhiza innaia (Fig. 24) the rhizome assumes all the 
functions of the roots, which are entirely absent. Also in many 
aquatics, Scilvinia , W oljjia arrliiza , Utricularia , Ceratophyllum , roots are 
altogether absent. 

Emergences. — The outgrowths from the surface of the plant body 
included under the term emergence must not on that account be 
regarded as homologous. A phylogenetic significance cannot be 
attached to the term as here used. It includes structures of the most 
different origin belonging both to the thallus and the cormus. The 
rhizoids, which serve to fasten the thallus of many Thallophytes and 
the cormus of the cormophytic Bryophyta to the substratum, as well as 
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the massive attaching organs of many Brown Sea-weeds ( Fucaceae and 
Laminariaceae) are classed here. So also are the structures which 
contain the asexual and sexual reproductive cells of the cryptogams 
(sporangia and sexual organs.) In the sense of the term implied 
here the hairs, prickles, and glands borne ozf the surface of the highly 
organised plants must be included. As an extreme case the attaching 
organs (hapterae) of the previously mentioned PodastemaceM ma.y be 
referred to. These hapterae serve to attach the vegetative body of 
these plants firmly to the rocks exposed to rapidly flowing %vater, upon 
which they grow. They are at first conical outgrowths, but flatten out 
and become lobed when applied to the surface of the rock. This 
example is instructive since it shows that even in phanerogamic plants 
structures of considerable size and definite form may arise which 
cannot be regarded as modified roots or shoots. Ther^ is, indeed, no 
reason why outgrowths of the vegetative body of the plant should not 
become adapted to the performance of particular functions ( 15 ). 

The Ontogeny of Plants 

Just as in the phylogenetic development of the vegetable kingdom 
there is an evolution from simpler to more complex forms, so each 
plant in its ontogeny passes through a similar process of evolution. 
The study of the ontogenetic development of a plant is termed 
embryology. A young plant, in its rudimentary, still unformed 
condition, is called an embryo or germ ; and the early stages of its 
development are spoken of as germination. As a rule, the embryo, 
in the beginning of dts development, is microscopic and of a spherical 
form. In a lower&rganism this condition may continue from the 
beginning to the end of its development, as is the case in Gloeocopsa 
jjoli/dermatica (Fig. 1, p. 11) ; or the development may proceed further 
to the formation of filamentous, ribbon-like or cylindrical bodies. If 
the future plant is to have a growing point, a part of the germ 
substance is retained in its embryonic condition, and further develop- 
ment proceeds from this Embryonic substance. In the more highly- 
organised plants the different members arising from the growing point 
only gradually attain that degree of development characteristic of the 
particular plant. The plant must develop and attain maturity, and 
it is not until it has accomplished this that certain portions of the 
embryonic substance of the growing point are appropriated to the 
production of new embryos. 

The different generations arising from an embryo of a plant may 
exactly resemble each other, or an alternation of generations may 
occur, in which case each succeeding generation is unlike its immediate 
predecessor. A& a general rule, the alternate generations are equiva- 
lent, although this is not necessarily the case. One of the alternating 
generations is usually sexually differentiated, that is, its reproductive 
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cells are only capable of development after a fusion with other repro- 
ductive cells. This process of the fusion of two sexually differentiated 
cells is called fertilisation, and its product a fertilised egg. The 
asexual ? generation, on the contrary, produces reproductive cells, 
termed spores, which require no fertilisation before germinating. In 
the case of the Thallophytes, the alternation of generations is often 
extremely complicated by the irregularity of the recurrence of the 



Fig. 52.-77 iv jo. occklmtidis. J, Median longitudinal 
section through the ripe seed ( x 5) ; /?, C(x'J ) ; 
J), E (nut. size), different stages of germina- 
tion ; h, liypocotyl ; r, cotyledons ; r, radicle ; 
v, vegetative cone of stem. 



Fig. 53. — Seedling of Carpinns Hetulut. //. 
liypocotyl; e, cotyledons; hiv, main 
root ; nv, lateral roots ; r, root-hairs ; < . 
epicotyl; l, V , foliage leaves. (Nat. size). 


different generations, and by the interposition of other modes of 
reproduction, not in line with the regular succession of generations. 
In the Cormophytes, however, asexual and sexual generations regularly 
alternate, and consequently, whenever an alternation of generation 
occurs, more than one generation is requisite to complete a cycle in 
the development of a species. Accordingly, in the conception of a 
species, two or more individuals are included. These individuals 
may exist separately and distinct from each other, or they may be so 
united as to appear but a single organism ; as, for example, in the 
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Mosses, where the spore-producing generation lives upon the sexual 
plant, or as in Phanerogams, where, conversely, the sexual generation 
completes its development within the asexual plant. 

In Phanerogams, owing to the formation of the embryo within 
seeds, that stage of the development of a plant which is termed 
germination is clearly defined ; for not until the seed is completely 
formed does the newly-formed plantlet begin its independent exist- 
ence. The embryo, while still enclosed within the seed, generally 
exhibits the segmentations characteristic of Cormophytes. Protected 
by the hard seed-coats, it is enabled to sustain a long period of rest. 
Abundant deposits of nutritive material in the embryo itself, or 
surrounding it, are provided for its nourishment during germination. 
The different segments of a phanerogamic embryo have received 
distinctive names ; thus, as in the embryo of the American Arbor Vitae 
(Thuja occidentalism Fig. 52), the stem portion (h) is termed the hypo- 
COTYL, the first leaves ( c ) are the seed leaves or cotyledons, while 
the root (r) is distinguished as the radicle. The tap-root of the fully- 
developed plant is formed by the prolongation of the radicle. In 
Fig. 53 a germinating plant- 
let of the Hornbeam (Car- 
pinna Betnlus) is shown with 
its hypoeotyl (h) and both 
cotyledons (c) ; but its 
radicle has already de- 
veloped into a tap - root 
(hw) with a number of 
lateral roots (sw). An 
internode and foliage leaf 
(/) have been produced 
from the vegetative cone 
of the stem ; while the 
next higher, internode is 
also distinguishable, but 
has not yet elongated, and 
a second foliage leaf (/') is 
unfolding. 

A highly organised plant, 
which begins its develop- 
ment with the simplest 
stages and gradually ad- 54.— Seedling of Acacia yymuhtha. The cotyledons 

G \ • 1 i have been thrown off. The foliage leaves 1-4 are 

VailCeS to a higher sta e pinnate, the following leaves bipinnate. The petioles 
Of differentiation, repeats of leaves 5 and 0 are vertically expanded ; and in the 
in its ontogeny its phylo- following leaves, 7, 8, 9, modified as phyllodia, with 

, . . ° r J T nectaries, n. (About i natural size.) 

genetic development. In 

the process of its ontogenetic development much has been altered, 
and much omitted, so that it presents but an imperfect picture 
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of it6 past history ; nevertheless, this representation is valuable, and, 
next to comparative methods, furnishes the most important source 
of morphological knowledge. Whatever is true of the development of 
a plant from the embryo is also, as a rule, applicable to its further 
growth from the growing point, and, consequently, a knowledge of the 
mode of development at the growing point is of great importance 
in detecting homologies. The earlier a characteristic makes itself 
apparent in the embryo, or the nearer it is to the growing point of 
the old plant, so much the greater is its value in determining the 
general relationships existing between the different plants ; the later 
it is exhibited in the embryo, or the farther removed it is from the 
growing point of the plant, the less its general value, but the greater, 
in proportion, its importance in defining the character of a genus or 
species. From the fossil remains of former geological periods, it is 
safe to conclude that such Conifers as Thuja , Biota , and the various 
Junipers, that now have scale-like compressed leaves, have been derived 
from Conifers with needle-shaped leaves. This conclusion is fuither 
confirmed by the fact, that on the young plants of the scaly-leaved 
Conifers typical needle-shaped leaves are at first developed. The 
modified leaf forms do not make their appearance until the young 
plant has attained a certain age, while in some Junipers- needle-shaped 
leaves are retained throughout their whole existence ( lfl ). Even still 
more instructive are the Australian Acacias, whose leaf-stalks become 
modified, as phyllodia (p. 43), to perform the functions of the reduced 
leaf-blades.. The proof for such an assertion is furnished by a 
germinating plautlet of Acacia pycnantha (Fig. 54), in which the first 
leaves are simply pinnate, and the succeeding leaves bipinnate. In the 
next leaves, although still compound, the leaf-blades are noticeably 
reduced, while the leaf-stalks have become somewhat expanded in a 
perpendicular direction. At length, leaves are produced which 
possess only broad, flattened loaf-stalks. As many other species of 
this genus are provided only with bipinnate leaves, it is permissible 
on such phylogenetic grounds to conclude that the Australian 
Acacias have lost their leaf-blades in comparatively recent times, and 
have, in their stead, developed the much more resistant phyllodes 
as being better adapted to withstand the Australian climate. The 
appearance, accordingly, of the phyllodes at so late a stage in the 
ontogenetic development of these Acacias is in conformity with their 
recent origin. It may, in like manner, be shown that in the case of 
plants with similarly modified leaf forms, the metamorphosis of the 
leaves does not take place until after the cotyledons and the first 
foliage leaves have been developed, and it is then usually effected 
by degrees. 
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II. INTERNAL MORPHOLOGY 

(Histology and Anatomy) 

A. The Cell 

1. Structure of the Celt, 


All plants, as all animals, are composed of elementary organs 
called cells. In contrast to animal cells, typical vegetable cells are 
surrounded by firm walls, and are thus sharply 
marked off from one another. In fact, it was 
due to the investigation of the cell walls that 
the cell was first recognised in plants. An 
English micrographer, Robert Hooke, was the 
first to notice vegetable cells. He gave them 
this name in his Micr agraphia, in the year 1667, 
because of their resemblance to the cells of a 
honeycomb, and published an illustration of a 

piece of bottle-cork having the appearance Fl0 . „.__ C( ,„ y ()f „ part of 
shows* in the adjoining figure (Fig. 55). Robert hooke’h illustration of 

Hooke, however, was only desirous of exhibit- bottle-cork, which he e»- 

ing by means of different objects the capabilities ture of rork 
of his microscope ; consequently, the Italian, 

Marcello Malpighi, and the Englishman, Nehemiah Grew, whose 
works appeared almost simultaneously a few years after Hooke’s 

Micrographia , have been regarded as the 




Fio. £>(>. — Embryonic cell from the 
vegetative cone of a phanerogamic 
plant. k, Nucleus ; kv\ nuclear 


founders of vegetable Histology. The liv- 
ing contents of the cell, the real body or 
substance, was not recognised in its full 
significance until the middle of last cen- 
tury. Only then was attention turned 
more earnestly to this study, which has 
since been so especially advanced by 
Meyen, Sohletden, Hugo v. Mohl, 
Nagelt, Ferdinand Cohn, Pringsheim, 
and Max Schultze. 

If an examination be made of a thin 


membrane ; w, nucleolus ; vy, longitudinal section of the apex of a stem 

cytoplasm ; ch. chromatopliores ; » , . , , . . , . . 

rn, cell wall. (Some what diagram- of a phanerogamic plant, with a higher 
matic, x circa iooo.) magnifying power than that used in the 

previous investigation (Fig. 17) of the 
vegetative cone, it will be seen that it consists of nearly rectangular 
cells (Fig. 56), which are full of protoplasm and separated from one 
another by delicate walls. Tn each of the cells there will be clearly 
distinguishable a round body (&), which fills up the greater part of the 
cell cavity. This body is the cell nucleus. If sections, made in 
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different directions through the vegetative cone, be compared with one 
another, it #ill be seen that its component cells are nearly cubical or 
tabular, while the nuclei are more or less spherical or disc-shaped. 
The finely granular substance (cy) filling in the space between the 
nucleus (k) and the cell wall (m) is the cell plasm or cytoplasm. 
In the cytoplasm there are to be found, about the nucleus, an 
indefinite number of somewhat larger bodies, which are also colourless 
and highly refractive ; these are the pigment-bearers or chromato- 
phores (ch). Nucleus, cytoplasm, and chromatophores, constitute 

THE ELEMENTS OF THE LIVING BODY OF A TYPICAL VEGETABLE CELL. 
To designate all these collectively, it is customary to use the term 
PROTOPLASM, which is then to be understood as including all the living 
constituents of the cell or protoplast. 

In animal cells modern investigations have revealed, in addition to 
the constituents of the protoplasm just mentioned, a small structure 
situated close to the nucleus, which has been termed the centrosome or 
attraction-sphere. Similar structures have been demonstrated in the 

lower cryptogamic plants (Fig. 57), 
but their existence in the cells of the 
higher Cryptogams and the Phan tiro- 
gams is still a disputed point ( 17 ). 

The nucleus and cytoplasm are the 
two most essential constituents of the 
cell, and its vital functions depend 
on the interaction between them. In 
the lowest plants (Cyanophyceae and 
Bacteria) such a division of labour 
in the protoplasm is not certainly 
proved, a nucleus not having been 
as yet demonstrated in them ( ls ). 
Chromatophores are wanting in the 
Bacteria and Fungi, as in all animal 
cells. 

While animal cells usually remain 
continuously filled with protoplasm, 
vegetable cells soon form large sap cavities. It is only the embryonic 
cells of plants that are entirely filled with protoplasm, as the cells, for 
example, of an ovule or of a growing point ; they afterwards become 
larger and contain proportionally less protoplasm. This can be seen 
in any longitudinal section through a stem apex. At a short distance 
from the growing point the enlarged cells have already begun to show 
cavities or vacuoles (v in A , Fig. 58) in their cytoplasm. These are 
filled with a watery fluid, the cell sap. The cells continue to increase 
in size, and usually soon reach a condition in which their whole central 
portion is filled by a single, large sap cavity (v in B , Fig. 58). This 
is almost always the case when the increase in the size of the cell is 





Fiq. r»7. — A nucleus of a cell of the young 
plant of Fums scrratus, a Brown Sea- 
weed. cy, The surrounding cytoplasm ; 
fc, the nucleus ; lew, nuclear membrane ; 
n, nucleolus; c, centrosome; ch, chro- 
matopliores. (xlOOO.) 
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considerable. The cytoplasm then forms only a/thin layer lining the 
cell wall, while the nucleus takes a parietal position in the peripheral 
cytoplasmic layer. At other times, however, the sap cavity of a fully- 


developed cell may be traversed by bands 
and threads of cytoplasm ; and in that case 
thWnucleus is suspended in the centre of the 
cell. But whatever position the nucleus may 
occupy, it is always embedded in cytoplasm ; 
land there is always an unbroken peripheral 
layer of cytoplasm lining the cell wall. 

This cytoplasmic peripheral layer is in con- 
tact with the cell wall at all points, and, so 
long as the cell remains living, it continues 
in that condition. In old cells, however, this 
cytoplasmic layer frequently becomes so thin 
as to escape direct observation, and is not 
perceptible until some dehydrating reagent, 
which causes it to recede from the wall, has 
been employed. Such a thin cytoplasmic 
peripheral layer has been described by Hugo 
v. Moiil under the name of primordial 
UTRICLE. 

Dead cel is lose their living protoplasmic 
contents, and, strictly speaking, should no 
longer be termed cells, although the name 
was first applied to them when in that con- 
dition. In reality they represent only cell 
cavities. With their death, however, cells do 
not lose their importance to a plant. With- 
out such cell cavities a plant could not exist, 
as they perform for it the office of water- 
carriers, while at the same time exorcising 
other functions. The necessary rigidity of 
a plant is also dependent, to a great extent, 
on the mechanical support afforded by a frame- 
work composed of dead cells. Thus the heart 
of a tree consists exclusively of the walls of 



dead cells. 

The Protoplasm. — Tn order to facilitate 


Fi<j. . 08. — Two cells tiiken at 
different distances from the 


an insight into the real character of proto- 
plasm, attention will first be directed .to the 
Slime Fungi or fungus animals (My.romi/cetes), 
a group of organisms which stand on the border 
between the animal and vegetable kingdoms. 


growing point of a phanero- 
gamic shoot. 1, Nucleus ; 
ry, cytoplasm ; v, vacuoles, 
represented in ]i by the sap 
cavity. (Somewhat diagram- 
matic, x circa 500.) 


These Myxomycetes are characterised at one stage of their development 


by the formation of a Plasmodium, a large naked mass of protoplasm. 
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The plasmodiuni is formed from the protoplasm of the spores. 
These spores are unicellular bodies (Fig. 59, a , b\ filled with cytoplasm, 
in which litfs a central nucleus, and are surrounded by firm cell 
walls. The spores germinate in water, their contents, breaking through 
the spore walls, come out (c, d) and round themselves off. A change 




Fio. — ('humlriodcriiin differ me. o, Dry, shrivelled spore ; b, swollen spore; c and d, spores 

showing escaping contents ; e,f, n, swarm-spores ; h, swarm-spore changing to a myxoamoeba; 
/, younger, A:, older myxoamceha ; l, myxoamoelue about to fuse; w, small plasinodium ; n, 
portion of fully-developed plasuuxlium. (tt-w, x 540: n, x 00.) 

of form soon takes place ; the protoplasmic mass elongates and assumes 
somewhat the shape of a pear, with the forward end prolonged into a 
fine whip-like process or flagellum (e, /, g). Thus the contents of the 
spore have become transformed into a swarm-spore, which now swims 
away by means of whip-like movements of its flagellum. 

In addition to the nucleus, which is visible in the front end of 
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every swarm-spore, a vesicle may be seen at the other end, which, after 
gradually increasing in size, suddenly vanishes, only to swell again 
into view. This vesicle is a contractile vacuole. The presence 
of such a contractile vacuole in an organism was formerly considered 
a certain indication of its animal nature. "Now, however, contractile 
vacuoles have been observed in the swarm-spores of many green Algse, 
of whose vegetable nature there can be no doubt. 

The swarm-spores of the Myxomycetes soon lose this characteristic 
swarm - movement, draw in their flagella, and pass into the amceba 
stage of their development, in which, like animal amoebae, they assume 
irregular, constantly changing shapes, and are capable of performing 
only amoeboid creeping movements. In the case of Chondrioderma 
difforme , a Myxomyeete of frequent occurrence in rotting parts 
of plants (Fig. 59), a number of the amoebae eventually collect 
together (/) and coalesce. In this wav, as is also the case with 
most other Myxomycetes, the amoebae ultimately give rise to a plas- 
modium ( n ). 

Although each one of the amoebae is so small that it can only be 
seen with the aid of a microscope, the plasmodium into which they 
become united may attain a size large enough to be measured in 
centimetres. 

The cytoplasm, both of the single amoeba and of the plasmodium, 
consists of a clear ground substance, through which granules are 
distributed. This substance is of the consistence of a tenacious fluid ; 
its superficial region is denser and free from granules, while these are 
numerous in the less dense central portion. The granules enable the 
internal streaming movements of the cytoplasm to be recognised. 
The currents are constantly changing their direction, moving either 
towards or away from the margin. The formation and withdrawal of 
processes of the margin stand in relation to the direction of the 
currents. When naked masses of protoplasm such as these plasmodia 
encounter foreign bodies, they can enclose them in vacuoles, and, when 
of use as food, digest them. 

Deprived of its component water the protoplasm becomes hard and 
tenacious, and, without losing its vitality, ceases to perform any of its 
vital functions until again awakened into activity by a fresh supply 
of water. In case of a scarcity of water the plasmodia of the Myxo- 
mycetes may form sclerotia, that is, masses of resting protoplasm of 
an almost wax-like consistency. Months and indeed sometimes years 
afterwards, it is possible for such sclerotia, if water be properly sup- 
plied, to again produce motile plasmodia. Similarly, in seeds kept for 
a long time, the protoplasm consolidates into a hard mass, which may 
be easily cut with a knife, while the nuclei will be found to have shrunk 
and lost their original shape. Nevertheless the protoplasts, after 
absorbing water, may return again to a condition of activity. 

I Protoplasm is not a simple substance chemically ; it consists rather 
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j of different components, which are subject to continual change. Treated 
I as a uniform mass, protoplasm always gives a proteid reaction ; when 

| incinerated, fumes of ammonia are given off. 

*■ 

Actives protoplasm generally gives an alkaline, and, under certain conditions, a 
neutral reaction, but never an acid one. The protoplasm of the higher plants 
coagulates at a temperature not much over 50° C., in the Sehizophytes, however, 
usually not helow^la C. In a state of inactivity, as in spores and seeds, it can 
endure a still higher temperature without coagulating ; when coagulation has once 
taken place, death ensues. The spores of many Bacteria can withstand a tempera- 
ture as high r* 1 Of* C. Treated with alcohol or ether, or with acids of definite 
concentrations, with bichromates of the alkali metals, or with corrosive sublimate, 

1 protoplasm quickly coagulates, while at the same time insoluble proteid compouuds 
are formed. Coagulating reagents, accordingly, play an important part in micro- 
scopic technique ; of especial value are such which, while fixing and hardening the 
protoplasm, change its structure in the least degree. As a fixing and hardening 
reagent, for vegetable tissues, alcohol is particularly serviceable ; under certain 
conditions, sublimate alcohol, or 1 to 2 per cent formaldehyde. For animal cells 
and for the lower plants, 1 per cent chromic acid, 1 per cent acetic acid, 0*f> to 1 per 
cent osniie acid, concentrated picric acid, or corresponding mixtures of these acids, 
and also formaldehyde, are used for the same purpose. Iodine stains protoplasm 
brownish yellow ; nitric acid, followed by caustic potash, yellowish brown (xnntho- 
proteiu miction) ; sulphuric acid, if sugar he present, rose red. Acid nitrate of 
mercury (Mn.Lny's reagent) gives to protoplasm a brick-red colour. These reactions 
occur with all proteid substances though they are not absolutely distinctive of them. 
Protoplasm is soluble in dilute caustic, potash and also in can de Javellc (potassium- 
hypochlorite), and accordingly both of these reagents may he recommended for 
clearing specimens, when the cell contents arc. not to he investigated. All of the above- 
mentioned reagents kill protoplasm ; until they have done so, their characteristic 
mo tions an* not manifested. A luge number of albuminous bodies or albuminates 
have been named which an*, said to enter into the composition of living protoplasm. 
It is worth) of note that most, of these compounds, although still not fully 
determined, contain phosphorus. Such as are peculiar to the nucleus have been 
comprehended under the term nihlkin. Staining reagents have also become an 
important help to microscopic investigations for determining the composition of 
protoplasm. This is due to the fact that the different constituents of protoplasm 
take up and retain the stain with different degrees of intensity and energy. As a 
general rule, only coagulated protoplasm can absorb colouring matter, although 
some few aniline stains can, ton limited extent, permeate living protoplasts. For 
staining vegetable protoplasts, which have been previously hardened, the various 
ea. mines, lnematoxvliii, iodine green, acid fuchsin, eosin, methylene blue, and aniline 
him*, gentian-violet, and orange, have been found particularly convenient. The 
different components of the protoplasm absorb the stains with different intensities, 
and, when reagents are employed to remove the colouring matters, they exhibit 
difb'rences in their power to retain them. The nucleus generally becomes more 
intensely coloured than the rest of the protoplasm, especially a part of its substance, 
which is therefore called union ativ. In addition to those substances,- which are 
to ho regarded as integral parts of active protoplasm, it always includes derivative 
products of albuminates, particularly amides, as asparagin, glutamin ; also ferments 
as diastase, pepsin, invert in ; at times alkaloids, and always carbohydrates and fats. 
f l he ash left after incineration also shows that protoplasm always contains mineral 
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matter, even if only in small quantities. All substances which, as such, do not enter 
directly into the eon|jpltion of protoplasm, but are only included within it, are 
designated by the term ‘METArL asm. 

The Cytoplasm. — The cytoplasm of vegetable cells, which possess 
a cell wall, is like that of the amoebae and plasmodia of Myxomycetes 
(p. 55), a tenacious fluid. It partakes of the physical properties of 
fluids, and on being artificially freed from the cell wall, tends to 
assume the spherical form. Its cohesion appears to be greater in 
merismatic cells than in those which are older, while in certain cases 
a still firmer consistence may be attained as in the cilia borne by 
• swarm-spores. 

Both in the case of the Myxomycete and of the vegetable cell 
enclosed by a wall, the basis of the cytoplasm consists of a hyaline 
substance termed the hyaloplasm. When granules arc distributed 
through the cytoplasm it is spoken of as granular plasma. An extremely 
thin boundary layer is found at the periphery of the cytoplasm, which 
is quite free from granules, and a similar layer bounds every vacuole 
present in the cytoplasm. The wall of the vacuole is characterised b}r 
a greater tenacity of life than the rest of the cytoplasm, remaining 
alive for some time after the latter has been killed by the action of a 
10 per cent solution of potassium nitrate. Since the vacuole wall 
regulates the pressure exerted by the cell sap contained in the vacuole, 
Hugo <le Vries lias applied the name tonoplast ( 10 ) to this layer. 

The small bodies distributed through . the granular plasma consist 
of various substances, and may be classed together as microsomes. 
Some of them are small cavities filled with dissolved substances, and 
to these the name physodes lias been given. 

Even though bounded by a cell wall the cytoplasm frequently 
exhibits movements comparable to those of the naked amoebic and 
plasmodia of Myxomycetes. The -study of the movements in the 
latter group showed that various kinds of movement could be distin- 
guished ; the waving movement of the flagellum of the swarm-spore, 
the change in external form of amoebae and plasmodia, to which their 
power of creeping about is due, and finally a streaming movement in 
the cytoplasm. The movement in cells provided with walls is mostly 
found in those which have advanced somewhat from the young con- 
dition. The cytoplasm may ei ther exhibit isolated streaming movements^ 
the direction of which may undergo reversals, or a single stream, the 
direction of which is constant. These two forms of movement are 
distinguished as fillifi TIL ^ T ^^ and ROXAXbQtf respectively. In rotation, 
which is found in cells with the cytoplasm reduced to a layer lining 
the wall, the single continuous current follows the cell wall. In cir- 
culation, on the other hand, the laver o^cytoplasm^ lining the wall 
takes no part in the movement, which is found in tlie strands traversing 
the vacuole. Circulation is common in cells of land -plants, while 
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rotation is more usual in water-plants. The stimulus caused by 
wounding the tissues in making the preparation frequently increases 
the activity of the movement. 

A particularly favourable object for the study of protoplasm in circulation is 
afforded by the staminal hairs of TradcscaMia virginica . In each cell (Fig. 60) 
small, fine currents of protoplasm flow in different directions in the peripheral 
cytoplasmic layer, as well as in the cytoplasmic threads, which penetrate the sap 
cavity. These cytoplasmic threads gradually change their form and structure, and 
thus alter the position of the cell nucleus. 

When the protoplasm is in rotation, the cell nucleus and chroniatopliores are 
usually carried nnmg by the current, yet there may be an outer layer of granular 
plasm which remains motionless and retains the chromatophorcs. This is the case 
with the Stoneworts ( Characeae ), whose long internodal cells, especially in the 
genus Nitella , afford good examples of well-marked rotation. 

Properly fixed cytoplasm exhibits, more or less clearly, a honey- 
comb-like structure; sometimes fibrilhe (Fig. 57) can also be distin-* 
guished in it. Thus there appear to be two constituents of the general 
cytoplasm, one of which tends to form foam-like alveoli, the other to 
become differentiated into fibril lie. 

These two constituents may be distinguished as alveolar plasma and fibrillar 
plasma respectively. Since it would appear that the former 
is especially concerned with the nutritive processes, while the 
fibrillar plasma influences the process of development, they 
may also he termed trophoplasm and kinoplasm ; the letter 
has also been called archcplasm. When traced to their origins 
the limiting layer of the cytoplast is found to belong to the 
kinoplasm, the walls of vacuoles to the trophoplasm. The 
vacuoles arise by interspaces of the alveolar plasma enlarging 
and fusing with one another. 


y/f 
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The Cell Nucleus. — The nucleus appears to be 
made up of threads twisted together and forming 
an anastomosing network (Fig. 56), which, however, 
in living objects can only be distinguished by the 
punctated appearance it gives to the nucleus. 
Streaming movements do not take place within the 
nucleus. An insight into the nuclear structure is 
only to be attained with the help of properly fixed 
and stained preparations. It is then possible to 
determine that the greater part of this nuclear net- 
work is composed of delicate and, for the most 
part, unstained threads, in which lie deeply stained 
granules. The substance of the threads has been 


showing nurii'us sus- distinguished as linin (/), that of the granules as 
mic .strands, (xtuo.) chromatin One or more large nuclear bodies, 
or nucleoli («), occur at the intersections of some 
of the linin threads, which, although deeply stained, have not taken 
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the same tint as the chromatin granules. The network of the nucleus 
lies within the nuclear cavity, which is filled with nuclear sap and 
surrounded by a membrane (iv). Although this is generally spoken of 
as the nuclear membrane, strictly speaking it is a part of the surround- 
ing cytoplasm, and is the protoplasmic layer or pellicle with which 
the cytoplasm separ- 
ates itself from the 
nuclear cavity. The 
nucleus in young cells 
with abundant proto- 
plasm is, as a rule, 
spherical. When situ- 
ated in the lining layer 
of cytoplasm of older 
cells, it is frequently 
of a flattened form, 
while in elongated 
cells it exhibits a 
corresponding elonga- 
tion. Exceptionally 
in old cells the nu- 
cleus is forked, lobed, 
or of some other ir- 
regular shape. These 
changes in form of 
the nucleus are due 
to slow movements, 

which cannot, as a rule, be directly observed. 

While the cells of the Cormophytcs are 
almost exclusively uninuclear, in the Thallo- 
phyt-es, on the contrary, multinuclear cells 
are by no means infrequent. In the Fungi, 
and in the Siphoned e among the Alga^, they 
are the rule. The whole plant is thus com- 
posed either of but one single multinuclear 
cell, which may be extensively branched 
(Fig. 253), or it may consist of a large 
number of multinuclear cells, forming to- 
gether one organism. Thus, after suitable 
treatment, several nuclei may be detected in the peripheral cyto- 
plasm in the cells of the common filamentous fresh -water Alga 
Chulophora glomerata (Fig. 6, p. 12), (Fig. 61)* 

The nuclei of the long, multinuclear cells (Fig. G2, n) of fungoid 
filaments, or HYPHAH, and also of many Siphoneae , are characterised by 
their diminutive size. 

The Centrosomes. — These bodies, which arc of general occurrence 


Fiu. (52. — Portions of Iwo ad- 
jacent colls in a hypha from 
11m stalk of i ‘soil inf a arve li- 
sts. a, Nuclei; w, pits. 
(X 540.) 


Firs. 01.- A cell of I'lmlophorn 
tjlomcmlu, lived with 1 percent 
chromic acid and stained with 
carmine, a, Nuclei; c h, chro- 
matophorcs; p. pyrenoids ; «, 
starch grains. ( x 540.) 
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in animal cells, ha\% been successfully demonstrated in a number of 
the lower Cryptogams (Thallopbytes and Bryophytes). They are, as 
a rule, very small (Fig. 57), only attaining a somewhat more consider- 
able size in some Fungi. Hitherto centrosomes have not been shown 
to exist in the cells of more highly organised plants. Structures 
similar to them, however, appear in the develop- 
ment of the motile male sexual products in 
Pteridophytes and some Gymnosperms ( 20 ), and 
take part in the construction of the spermatozoid. 

The Chromatophores ( 21 ). — In the embry- 
onic cells of growing points, where the chromato- 
phores (Fig. 56, rh) are principally located around 
the nucleus, they first appear as small, colourless, 
highly refractive bodies ; and in the embryonic 
cells of ovules they have a similar appearance. 
They may retain the same appearance in older 
cells (Fig. 1 10 , si, l), but in them they also attain 
a further development, as chloroplasts, LKU OO- 
BLASTS, or CHROMOPLAKTS. Since these bodies 
have the same origin they are all included in the 
one term, OHROMATOPHORKS. 

In parts of plants which are exposed to the 
light the chromatophores usually develop into 
chlorophyll bodies or CHLOROPLASTS. These are 
generally green granules of a somewhat flattened 
ellipsoidal shape (Fig. 63), and are scattered, in great numbers, in the 
parietal cytoplasm of the cells. All the chloroplasts in the Cormophytes 
and, for the most part also, in the green Thallopbytes present this same 
granular form. In the lower Alga?, however, the chlorophyll bodies 
may assume a band-like (Fig. 240, C), stellate or tabular shape. The 
fundamental substance of the chlorophyll bodies is itself colourless, 
but contains numerous coloured drops, which are termed (JUANA. 
These consist of an oleaginous substance, which holds in solution one 
or two green pigments (chlorophyll and allochlorophyll), and two 
yellow pigments (chrysophyll and xanthophyll). These colouring 
substances may be extracted by means of alcohol, leaving only the 
colourless plasmic substance of the chlorophyll body remaining. 

Tlu* easiest way in which a solution of chlorophyll can be prepared, is to extract 
the chlorophyll by means of alcohol from green leaves that have been previously 
boiled in water. The green chlorophyll pigment is also soluble in ether, latty 
and ethereal oils, pnraHino, petroleum, and carbon disulphide. The alcoholic 
solutions appear green in transmitted light ; blood red in reflected lights on 
account of fluorescence. When an alcoholic solution of chlorophyll is shaken up 
with benzole, the latter on standing rises to the surface as a green solution, leaving 
the alcohol yellow. 

It a ray of sunlight be made to pass through a tolerably thick layer of an 
alcoholic solution oi chlorophyll, and then decomposed by a prism, the resulting 
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spectrum will show seven absorption bands (Fig. 64). The* darkest band extends 
from Fraunhofer’s line, B , to some distance beyond the line C. The other bands 
are not so intense : one lies between C and I), another near Z), and one near £ t 
while the other three bands arc broader and cover almost the whole blue half of 
the spectrum. 

According to recent investigations by Marclilewski and Schunck ( a ) the two 
green pigments named above are to be detected in the alcoholic extract from leaves. 
The one, true chlorophyll, is always present ; the other, which has been termed allo- 
chlorophyll, cannot be detected in some plants. True chlorophyll is characterised 
by three absorption bands in the less refrangible half of the spectrum, and three in 
the more refrangible portion. As yet only one band, which lies in the red portion 
of the spectrum and coincides with the first absorption band of chlorophyll, is known 
for allochlorophyll. C. A. Scliunck (- :J ) has obtained one of the yellow pigments 
(chrysophyll) as shining red crystals, while xantliophyll forms amorphous masses. 
The amount of chlorophyll in a green plant is very small. Tschjrch (* 4 ) has cal- 



Kig. 04.— Spectrum of an alcohol ir solution of chlorophyll extracted from foliage leaves. (After 
Kuaus.) The absorption bands in the less refractive part of the spectrum (ll-K) are given by 
a concentrated solution, those in the more highly refractive part of the spectrum by a dilute 
solution. 


culnted that out of a square metre of green foliage, leaves only from 0*2 to 1 ’0 gram 
of chlorophyll can be obtained. Acids decompose chlorophyll ; contact even with 
the acid cell sap is sufficient to change the colour of the chlorophyll bodies to a 
brownish green. It is due to this fact that a plant turns brown when dried. 

From the investigations of Marclilewski and Nencki it appears that 
a relationship exists between chlorophyll and haemoglobin (the pigment 
contained in red blood corpuscles), a fact of the greatest theoretical 
importance ( 2: ’). 

The green colour of 4die chlorophyll in some groups of Algte is 
more or less masked by other pigments. In addition to the chlorophyll 
green, with its accompanying yellow and orange-red pigments, many of • 
the blue-green Schhophyceae contain a blue colouring matter, phyco- 
cyanin ; the brown Algae, a brown pigment called phycophaein ; while 
the red Algae possess a red pigment termed phycoerythrin. These 
pigments, which are peculiar to Algae, are soluble in water, and are 
characterised by a beautiful fluorescence. The phycocyanin may often 
be found as a blue border surrounding a blue-green Fission -Alga 
which has been dried in a press, lied seaweeds washed up by the 
ocean soon become green, as, owing to the rapid decomposition of the 
phycoerythrin, the chlorophyll is no longer concealed. 

I Before leaves fall in the autumn, their cells lose almost all of their 
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* cytoplasmic contents, and at the same time the chloroplasts undergo 
1 disorganisation. There remains only a watery substance in the cell 
cavity, in which a few oil globules and crystals, 
together with a few yellow, strongly refractive 
bodies, can be seen. Sometimes this liquid in the 
cell cavities becomes red, and thus imparts to the 
foliage its autumnal brilliancy. In the leaves of 
coniferous tr ees, which only indicate the approach- 
ing winter by assuming a somewhat brownish tint, 
the case is different. The chlorophyll-green of 
their chloroplasts changes to a brownish green, 
but in the following' spring regains its charac- 
teristic colour. 

In such phanerogamic parasites or humus- 
plants as are devoid of green colour, the chloro- 
plasts either do not develop, or they are white, 
or have only a brownish or reddish colour. No 
ch romatoph ores are found in the Fungi. 

In the interior of plants, where light cannot 
penetrate, leucoplasts are developed instead of 
chloroplasts from the rudiments of the chrom ito- 
phores. They are of a denser consistency than the chloroplasts, 
and resembling a flattened ellipsoid in shape, are often somewhat 
elongated in consequence of enclosed albuminous 
crystals. If the leucoplasts become at any time 
exposed to the light, they not infrequently 
change into chloroplasts. This frequently occurs, 
for example, in potatoes. 

The chromoplasts of most flowers and 
fruits arise cither directly from the rudiments 
of colourless chromatophores, or from previously 
formed chloroplasts. In shape the chromoplasts 
resemble the ellipsoidal granules of the chloro- 
plasts, except that they are usually smaller; or, 
in consequence of the crystallisation of their 
colouring pigment, they assume a , triangular, 
tabular, needle, or fan-shaped form (Figs. 65, 66). 

The, colour of the chromoplasts varies from yellow 
to red, according to the predominance of xantho- 
phyll or carotin. The name carotin has been 
derived from the Carrot (Dave is Carota ), in the roots of which it 
is particularly abundant (Fig. 66). The frequent crystalline form 
of the chromoplasts is, in a great part, due to the tendency of caro- 
tin to crystallisation, although it may be also occasioned by needle- 
like crystals of albumen. Xanthophyll, however, is never present in 
the chromoplasts except in an amorphous condition. 





Fiq. <)G. — Chromoplasts of 
the Carrot, some with 
starch grains. ( x 540.) 
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Origin and Structure of the Cell Wall ( 26 ).— The membrane which 
encloses the vegetable protoplast is a product of the protoplasm. 
Many low organisms belonging to the Algae liberate naked protoplasts 
from their cells ; these swarm-spores (Fig. 96, A) serve to multiply 
the plant vegetatively. They soon settle down and form a thin cell 
membrane on the surface of the protoplast. The possession of this 
wall gives to the cell, which before resembled an animal cell, its 
distinctively vegetable character. Usually the spore proceeds to grow 
into a filament. Naked motile spores are not found in the more 
highly organised plants. In them, however, the ovum, from which 



Fig. 67. ~ -Strongly thickened coll 
from tl»tt pith of Clematis vita l ha. 
m, Middle lamella ; t, intercellular 
apace ; ; w\ pitted transverse 

cell wall, (x 300). 



Km. OK.- Fail of u sclcivnchy- 
mat.ous Ubre from Vinca 
major. The atriations of 
the outer layers are more 
apparent than those of the 
inner layers. The walls, 
as seen in optical section, 
are also shown, (x 500.) 


the development starts, has no cell wall until it has been fertilised ; 
from this stage on ail the cells composing the plant are surrounded by 
cell walls. At the growing points of plants the cells are separated 
from one another only by extremely thin membranes or cell walls. 
The rapid growth in length which sets in a short distance from the 
growing point, as a result of the increase in the size of the cells, must 
be accompanied by a corresponding growth IN SURFACE of the cell 
walls. So long as this growth in surface continues, the cell walls 
remain thin. After the cells have attained their ultimate size, the 
growth in thickness of the cell walls then begins. The growth in 
surface of the cell wall may either involve the introduction of new 
material, or may take place without this. In the latter case the mem- 
brane would become thinner if new lamellae were not simultaneously 
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applied to its surface. Growth of the wall by the introduction of 
new particles between those previously existing is termed GROWTH by 
intussusception, while that which occurs by the laying down of new 
lamellae on the surface of the older ones is called growth by apposi- 
tion. The growth in thickness of most cell walls takes place by 
apposition, and thus the stratification, which such thickened walls 
exhibit, is brought about (Fig. 67). Thicker, dense layers alternate 
with thinner less dense ones. The denser 
layers can be recognised by their high re- 
fractive power. In many cases lamellae, 
deposited by apposition, become further 
thickened and otherwise modified by a pro- 
cess of intussusception. Three distinct 
layers can frequently be distinguished in 
strongly thickened cell walls, such as those 
of the wood, a primary, a secondary, and 
a tertiary thickening layer ; these differ in 
their optical appearance and their chemi- 
cal composition. The secondary thicken- 
ing layer is usually the most strongly 
developed, and forms the chief part of the 
cell wall. The tertiary or inner layer is 
thinner and more highly refractive. 



Thicker cell walls or layers of the wall which 
appear homogeneous frequently exhibit a stratifica- 
tion When treated with strong acids or alkalis. In 
many cases the thickening layers exhibit delicate 
striatious in surface view. The striations extend 
through the whole thickness of the layers, usually 
running obliquely to the long axis of the coll, and 
often crossing one another in the different thicken- 
ing layers (Fig. 68). In special cases, but only in 
the formation of reproductive cells, an inner thicken- 
ing layer, completely detached from the others, is 
produced, as in the formation of pollen grains .and 
spores, which, enclosed only by this inner mem- 
brane, filially become freed from the older thicken- 
ing layer. This process is often alluded to as Rejuvenescence ; in such cases, 
it should be noted, there are, in reality, no new cells formed. 


isa.2 

't T 1 ' 

Km. I >1*. — A, Surface view of cells 
from the sensitive side of the 
tendril of ('ucnrbihi /Vpo, .show- 
ing tactile pits, s. J} } Transverse 
section through similar cells, 
a small crystal of calcium ox- 
alate is present in the pit. (x 
4n0.) 


The thickening of the cell wall seldom takes place uniformly over 
the whole surface ; but some portions are thickened, while, at other 
points, the original or primary cell wall remains unchanged. In this 
way pores are formed which penetrate the thickening layers. These 
pores or pits may be either circular (Figs. 67, w, 71, elliptical, or 
elongated. The pits in adjoining cells converge, and would form one 
continuous canal, were it not that the unthickened primary cell wall 
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persists as a closing membrane between two converging pits. As a 



B 





Fin. 70.— From the wood of the Pino, Pi nun si /l rest r is. 
A , Bordered pit in surface view; Ji, bordered pit in 
tangential section ; t, torus ; < transverse section of 
a traclioid ; m, middle lamella, with gusset, in* ; 
i, inner peripheral layer. ( \ 540). 


Flo. 71.— Cells from the endo- 
sperm of Oniithivjahm inn- 
bdhtum. in, Pits in surface 
view; />, closing membrane; 
a, nucleus, (x 240.) 


result of the continued thickening of the cell wall, the canals of several 
pits often unite, and so branched pits are formed. Such branched 



Fig. 72. — Part of two 
sieve -tubes of the 
Pino, Pinus syleestri*. 
showing sieve - pits, 
(x 510.) 


Fig. 73. — A , Part of an annular tracheal ; 
B, part of a spiral tracheid ; C, longi- 
tudinal section through part of a 
reticulate vessel, showing perforated 
partition wall, *. (x 240.) 


pits have usually very narrow canals, and occur for the most part only 
in extremely thick and hard cell walls, as, for instance, in those of the 
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so-called sclerotic c'ells or sclereids. Simple pits may, on the other 



hand, expand on ap- 
proaching the primary 
cell wall. 

Pits widened towards 
the membrane are found 
in the external cell walls 
of many tendrils ( 27 ). 
These pits, which are 
filled with cytoplasm, 
probably receive the 
stimulus, and may be 
termed tactile pits (Fig. 
69). The structures 
known as bordered 


Fio. 74. — Part of transverse section of a stem of Iw pat Lens 
par n flora, e, Epidermis ; r, eollenchyma ; p, thin- walled 
parenchymatous cells ; i, intercellular space. (:< 000.) 


pits (Fig. 70) are but a 
special form of expanded 
simple pits. The pit 


may be present on one or both sides of the wall ; the former is 


the case when the water-conduct- 


ing element abuts on a cell with 
protoplasmic contents, the latter 
when the pitted wall separates two 
water - conducting elements. In 
bordered pits the closing membrane 
is thickened at the centre to form 
a torus (Fig. 70, C). By the 
curving to one side or the other 
of the closing membrane, the torus 
may so act as to close the pit canal 
(Fig. 70, />). Bordered pits are 
only formed in cells which are soon 
to lose their living contents and 
thus serve merely as channels for 
conducting water. The bordered 
pits apparently act as valves. Seen 
from the surface a bordered pit 
appears as two concentric rings 
(Fig. 70, ./). The smaller, inner 
ring represents the narrow open- 
ing of the pit into the cell cavity ; 
the larger, outer ring indicates 
the junction of the wall of the 



Fio. 75. — Part of transverse section of a leaf of 
Fir us riant ira. r, Cystolith ; r, c, r., triple- 
layered epidermis ; p t palisade parenchyma ; 
s, spongy parenchyma. ( x 240). 


BIT CHAMBER with the primary cell wall. 

\ ory large pits between adjoining living cells have often thin 
places in their closing membrane, and are then spoken of as compound 
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pits. A special example of such pits is afforded By the sieve-pits, in 
which the closing membrane, in that case called the sieve-plate, is 
perforated by fine openings or pores (Fig. 72). 

In cases where the greater part of the cell wall remains unthickened, 
it is characterised rather by a description of its thickened than 
unthickened portions; it is in this sense that the terms annular, 
spiral, and reticulate are used (Fig. 73). Just as in the case of cells 
with bordered pits, annular, spiral, and reticulate cell walls are only 
acquired by cells that soon lose their contents, and act in the capacity 
of water-carriers. Such wall thickenings serve as mechanical supports, 
to give rigidity to the cells, and to enable the cell walls to withstand 
the pressure of the surrounding cells. 

The thickened bands by which such thickenings of the cell wall are effected are 
attached by narrowed bases to the primary membrane f- s ). When the membrane 
separates two water-conducting elements its ceicial portion is thickened like the 
torus of the bordered pit. The annular and spinel typos of thickening characterise 
the water-conducting elements of growing parts of the plant, since they allow of 
corresponding extension of the ’.vail. The thickening band can often be removed as 
a continuous spiral from the lamella to which it is attached. 

Colt, kno h y m a tot j s cells are living cells, the walls of which are 
thickened principally at the cor- 
ners (Fig. 74, r). Cells on the 
surface of plants have usually 
only their outer walls thickened 
(Fig. 74, c). 

Hv the thickening »#f cell walls at 
special points, protuberances project- 
ing into the cell cavity an* formed ; 
mj this way the formations known as 
< YSTOLITIIS urw*. Oertaiij large cells 
in tiie leaves of the Indiarubber plant 
{Finis divfticu) contain peculiar clus- 
tered bodies, formed by the thickening 
of the cell wall at a single point (Fig. 

75). In their formation a stem -like 
body or stalk first protrudes from the 
cel! wall ; by the addition of freshly- 
deposited layers this becomes club-shaped, and, by continued irregular deposits, it 
finally attains its clustered form. 

So far only centripetal wall thickenings have been described. 
Cells, the walls of which are eentrifugally thickened, can naturally only 
occur where the cell walls have free surfaces. The outer walls of 
hairs generally show small inequalities and projections. The surface 
walls of spores and pollen grains (Fig. 70) show a great variety of such 
eentrifugally developed protuberances, in the form of points, ridges, 
reticulations, and bands of an often complicated internal structure. 



Fio. 7*>. --.I, l'ollen-grain of ( ururhiln I't'pn in sur- 
face vu»w, an*l partly in optical section, rendered 
transparent by treating with oil of lemons 
(X ‘J40); part of transverse section of pollen 
grain of CwHrbita vrrruvom (x MO.) 
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Cell-wall Substaflce f 20 ). — The most important constituent of cell 
walls is CELLULOSE. With the exception of the Fungi it is present in 
the cell walls ol all plants. 

Cellulose is a carbohydrate of which the chemical composition is expressed by 
the general formula (C 6 H 10 O 0 )n. It is insoluble in either dilute acids or alkalies. 
By the action of concentrated sulphuric acid it is converted into dextrose. After 
treatment with sulphuric or phosphoric acid, iodine will colour it blue ; it shows a 
similar reaction when exposed to the simultaneous action of a concentrated solution 
of certain salts, such as zinc chloride or aluminium chloride, and of iodine. 
Accordingly, chloroiodide of zinc, on account of the blue colour imparted by it, is 
one of the most c^yenient tests for cellulose. Gilson ( :<0 ) obtained cellulose in a 
crystalline condition in the form of sphierites or dendrites. 

The cell walls never consist entirely of pure cellulose, but contain 
a considerable amount of other substances, which are not stained blue 
by chloroiodide of zinc. In urdignified cell walls PECTOHE is parti- 
cularly prominent. It is easily distinguished by the readiness with 
which it dissolves in alkalies, after being previously acted upon by a 
dilute acid. 

Susceptibility to certain stains, for example Congo red, is a characteristic of 
cellulose ; while other stains, such as safmuin and methylene blue, colour pectose 
more deeply. According to Manoin C 211 ), the partition wall formed in the higher 
plants during cell division consists almost wholly of pectose ; the next developed 
lamina 1 , the secondary cell-wall layer, of a mixture of cellulose and pectose ; the 
last formed, or tertiary layer, chiefly of cellulose. If the secondary layer of the 
cell wall remain unlignificd, the amount of pectose contained in it increases with 
age and helps to strengthen the middljc lamklla, or primary cell-wall layer, 

Among the substances entering into the composition of cell walls, in addition 
to cellulose and pectose, mention must be made of callosk. It is characterised by 
its insolubility in cuprainmonia and solubility in soda solution, and in a cold 
1 per cent solution of caustic potash. It is coloured a red brown by chloroiodide 
of zinc, with aniline blue it takes ail intense blue, and with eorallin (rosolic acid) 
a brilliant red. Its presence in the higher plants is limited to a few special cases ; 
it envelops the sieve-pits and is always present in calcified cell-wall layers, as, for 
example, in eystoliths (Fig. 76). Chi tin, according to Gilson ( 31 ), takes the same 
place in the cell walls of the Fungi as cellulose in the cell walls of the higher 
plants. 

Where cell walls become lignified or SUBEIIISED, it is particularly 
the secondary layer that receives the wood or cork substance, while 
the tertiary or internal layer retains its cellulose character. 

Ligiiifieation depends on the introduction into the membrane of certain substances, 
among which, according to Czackk ( 3 -), an aromatic aldehyde which he names 
hadromal is never wanting. Associated with this is coniferin, which can he obtained 
from the youngest xylem. Czapkk. denies the existence of vanillin in lignified 
membranes. The proportion in which liadvomal is found in wood does not exceed 
1-2 per cent of its dry weight. To its presence the so-called lignin reactions are 
due, a violet coloration with phloroglucin and hydrochloric acid, and a yellow 
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coloration with acid anilin sulphate. With chlor-zinc*iodide ligniiied membranes 
stain yellow, not blue. 

Suberised cell walls take a yellowish brown colour with cliloroiodide of zinp ; 
with caustic potash, a yellow. Van Wisseungh ( 33 ) has disputed the presence of 
cellulose in suberised cell vails, and regards the cork substance or suberin as a 
fatty body, which is composed of glycerine esters and other compound esters, as well 
as of one or more other substances which are Infusible, insoluble in chloroform, and 
decomposed by a solution of caustic potash. 

Cutinisation, which is similar to but not identical with suberisa- 
tion, is usually due to the subsequent deposition of cutin in cellulose 
cell walls. 

Van Wisselinuh has shown that phellonic acid, which is always present in 
suberin, is constantly absent in cutin. Cutin withstands better the action of 
caustic potash. In other respects, the reactions given by cutin ; sed cell walls with 
cliloroiodide of •due or solutions ot caustic potash are almost identical with those of 
suberised cell walls. 

Young cell walls are less clastic, but relatively more extensible 
"than older ones. The power of resisting a stress is increased by 
lignitication. The presence of cutinised and corky membranes at the 
surface of the plant diminishes the loss of water from it ( 34 ). 

The layers of tin* cell walls of some cells, particularly the super- 
ficial cells of certain fruits, as of Sage, and of numerous seeds, such as 
Flax and Quince seeds, become mucilaginous, and swell in water to a 
slime or vegetable mucus, which, according to (1. Klers ( 3r> ), serves 
the purpose of attaching the seeds to the soil. Firm cell walls can also 
be transformed into <;t;j\r, as is so often apparent in Cherry and Acacia 
trees, portions of whose woody cells often succumb to (JUMMOSIS. 

Tlx- s«-vi ral varieties of gums and vegetable mucus react differently, accord- 
ing as they are derived from cellulose, cal lose, pectose, or from allied substances. 
Wording to Mwcix they niny be uiicrochemically distinguished by their 
reaction with ruthenium red, which stain* only such as are derived from pectose 
or related substances, such ns the mucilage of the seeds of the (Yuri ferae and 
(piince (Cift/ouin\ the mucus cells of the Malmtr, the gums of the Cherry and 
Acacia, the gum t ragacanth from Astragalus gummifer. The mucus of Orchid 
tubers, on the other hand, is related to cellulose, and remains uncoloured with the 
■same reagent. 

The cell walls of the seeds of many Palms, as also those of Ornithogahnn 
(Fig. 71), have strongly developed thickening layers, which are full of pits. These 
thickening layers are lustrous white, and, as in the case of the seeds of the Palm, 
Phytf’hphas macrocarpa, may attain such a degree of hardness as to be technically 
valuable as vegetable ivory. Such thickening layers may contain other carbohyd- 
rates in addition to cellulose ; thus the cull walls of the seeds of Tropawlum and 
Pamnia contain amyloid, which turns blue even with iodine alone. These thicken- 
ing layers are dissolved during germination, and are accordingly to be considered 
as d reserve substance of the seeds. 

Cell walls often become coloured by tannin or derivative sub- 
stances ; in this way, for instance, the dark colour is produced which 
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is often seen in the 'shells of seeds and in old wood. The colours of 
the woods of economic value are due to such discoloured cell walls. 
Inorganic substances are often deposited in large quantities in old cell 
walls. Among such substances calcium oxalate is often met with, 
commonly in crystal form ; also calcium carbonate, although perhaps 
not so frequently. In the cystoliths of Ficus elastim (Fig. 75) so much 
calcium carbonate is deposited that it effervesces with hydrochloric 
acid. In many plants, as, for instance, most of the Characeae , the 
quantity of calcium carbonate in their cell walls is so great as to 
render them stiff and brittle. Silica is also present in the superficial 
cell walls of ttic Graiuiimir, Equisetaceae, and many other plants. 

Cell Forms. — As cytoplasm is a viscous fluid, and would tend, if 
unimpeded, to take a spherical shape, it 
may be assumed that the natural and 
primary form for cells is spherical. 8ucli 
a shape, however, could only be realised by 
cells which, in their living condition, were 
completely free and unconfined, or in such 
as were able to expand freely in all direc- 
tions. Newly -developed cells, which are 

in intimate union, are, at first, always 
polygonal. Through subsequent growth 
their shape may change. The cubical cells 
of the growing point either elongate to a 
prism or remain short and tabular. Jf the 
growth is limited to certain definitOKpoints, 
and is regular, they become stellate; if 
irregular, their outline is correspondingly 
un symmetrical. In consequence of energetic 
growth in length, fibre-like, pointed cells 
arc developed. If the walls of such cells 
become much thickened, they are called 
$cle ren C'H Y M A fibres (Fig. 77, A). These 
show diagonal markings, due to their elon- 
gated pits, which are generally but few in 
number. When fully developed, the living 
-contents of such cells are small in amount 
and frequently they contain only air. In 
the last case, they merely act as mechanical 
supports for the other parts of the plant. 
Cells somewhat similar, but short er and 
considerably wider, not sharpened at the 
ends, and provided with bordered pits, are called XRACHEips (Fig. 

/ 7, B). The tracheids, in their fully developed condition, never have 
any living contents, but serve as water-carriers for the plant. So long 
as they remain active, they contain only water and isolated air-bubbles; 



rltM-encliymatniis 
: />, a t rlirkl; ( , part of 
a spiral trarhn.l ; ]), part of a 
latex tula*. (,1, /;, (' x loo ; J > . 
x ciivti lfaU 
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their active functions afterwards cease, and they become filled with air. 
Tracheids which are specially elongated, and at the same time have 
only a narrow lumen, and, like the sclerencbymatous fibres, serve 
merely mechanical purposes, are known as fibre tracheids. Very 
long tracheids with a wide lumen and thin walls, functioning, like 
typical tracheids, as water-carriers, are distinguished as vasiform or 
vascular , tracheids (Fig. 77, C). They are characterised by the 
annular, spiral, or reticulate markings of their thickening layers, 
aud may also be provided with bordered pits. The walls of tracheids 
are always lignified, while those of the sclerenchyrna fibres may or may 
not have undergone this change. 

Of all the cells in the more highly organised plants, the latex < ’ELLS 
or milk cells, also spoken of as latex tubes, attain the greatest length. 
In the Enphorbiaceae, U rticaeeac. Apocyamc, and Aselepiad 'ceae t hey arise 
from cells which are already differentiated in the embryo. Grow- 
ing as the embryo grows, they branch with it and penetrate all its 
members, and may thus ultimately become many metres long. The 
latex cells themselves haw, for the most part, unthickened smooth 
elastic walls which give a cellulose reaction. They are provided with 
a peripheral layer of living cytoplasm and numerous nuclei. Their 
sup is a milky, usually white fluid, which contains gum-resins, i.e. a 
mixture of gums and resins, caoutchouc, fat and wax in emulsion. 
In addition, they sometimes hold in solution gums, tannins, often 
poisonous alkaloids, and salts, especially calcium malate, also in the 
case of Ficus Carica and Carira Papaya, peptonising ferments. In the 
latex cells of the Euphoria are ae there are also present in the latex 
peculiar dumb-bell shaped starch grains. On exposure to the air the 
milky sap quickly coagulates. In the adjoining figure (Fig. 77, J)) 
is shown a portion of an isolated latex cell dissected out of the stem 
of an Asclepiadaceous plant, Ceropeyii stapelioide.s . 

Special cells, which differ in form, contents, or in their peculiar 
w r a!l thickenings from their neighbouring cells, are distinguished as 
I dioblasts. If strongly thickened and lignified, they are called 
sclerotic cells (stone cells) or sclereids. They often contain ferments ; 
in the (Jrudfmir and some other orders myrosin is thus present, while 
Pranas lav core rasas contains emulsin. In Fig. 84 an idioblast, con- 
taining a bundle of raphides, is represented. Idioblasts, resembling 
tracheids and functioning as water reservoirs, are found between the 
chlorophyll-containing cells in the leaves of some of the Orchidaceae. 

Inclusions of the Protoplasm — Starch. — The chloroplasts in. 
plants exposed to the light almost always contain starch grains. 
These grains of starch found in the chloroplasts are the first visible 
products of the assimilation of inorganic matter. They are formed in 
large numbers, but as they are continually dissolving, always remain 
small. Large starch grains arc found only in the reservoirs of reserve 
material, where starch is formed from the deposited products of 
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previous assimiliation. Such starch is termed reserve starch, in 
contrast to the assimilation starch formed in the chloroplasts. All 
starch used for economic purposes is reserve starch. The starch 

grains stored as reserve material 
in potatoes are comparatively 
large, attaining an average size 
of 0*09 mm. As shown in the 
adjoining figure (Fig. 78), they 
are plainly stratified. Their 
stratification is due to the vary- 
ing densities of the successive 
layers. They are eccentric in 
structure, as the organic centre, 
about which the different layers 
are laid down, does not corre- 
spond with the centre of the 
grain. The starch grains of 
the legumes and cereals, on the 
other hand, are concentric, and 

Fm. 78. — Starch grains from a poluto. A, simple; nucleus of their formation 

half* compound ; c ami />, compound starch is in the centre of the grain. 

grains ; c organic centre of the starch grains, or The gtarch Q f thc B 

nucleus of their formation, (x MO.) ’ 

Phimolm rulgans (Fig. 79), have 
the shape of a flattened sphere or ellipsoid ; they show a distinct 
stratification, and are crossed by fissures radiating from the centre. 
The disc-shaped starch grains of wheat are of 
unequal size, and only indistinctly stratified. A 
comparison of the accompanying figures (Figs. 

78, 79), all equally magnified, will give an idea 
of the varying size of the starch grains of different 
plants. The size of starch grains varies, in fact, 
from 0*002 mm. to 0*170 mm. Starch grains 
0*170 mm. large, such as those from the rhizome 
of Ctintut, may lie seen even with the naked 
eye, and have the appearance of brilliant points. 

In addition to the simple starch grains so far 
described, half- compound and compound starch 
grains are often found, drains of the former 
kind are made up of two or more individual 
grains, surrounded by a zone of peripheral layers 
enveloping them in common. The compound 
grains consist merely of an aggregate of individual 
grains unprovided with any common enveloping layers. Both half- 
compound (Fig. 78, B) and compound starch grains (Fig. 78, C, J)) 
occur in potatoes, together with simple grains. In oats (Fig. 80) and 
rice all the starch grains are compounds. According to Nageli ( 30 ), the 



Fio. 79. — Start'll grains 
from tlie cotyledons of 
Phnseolm vulgaris, (x 
540.) 
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compound starch grains of rice consist of from 4 to 100 single grains; 
those of Spiuacia glabra sometimes of over 30,000. Starch thus 
formed from previously assimilated organic substances aTso^requires 
chromatophores for its production. It is pro- 
duced by means of leucoplasts, which are, in ^ 

consequence, often termed starch- buildk ns. 

If the formation of a starch grain should begin ^ 

near the periphery of a lencoplast, the grain W. c* 
would eventually, by i.ts continued enlargement, 

, , - li 1 , , . n ’ Pici. SO. — Starch grains ol‘ oats, 

protrude from the lencoplast. As new layers ArmauUm. a, Compound 
of starchy matter are then deposited only on grain; jj, isolated compo- 
the side remaining in contact with the plastid, ^"‘x “mo ™ m " 0,md 

the starch grain thus becomes eccentric (Fig. 

81). Should, however, several starch grains commence to form at 
the same time in one leucoplast, they would become crowded to- 
gether and form a compound starch 
jjfX grain, which, if additional starchy layers 
vx ¥ are laid down, gives rise to a half-com- 

J.'A : \ pound grain. 

!' ! J It has recently been asserted that starch 
j | ' J grains are crystalline bodies, so-called splnerites 

( ,;7 )' and are composed of fine, radially arranged, 
f needle-shaped crystals, which A. Mkykii terms 
v C ” trichit o.s. Their stratification, according to this 

view, is <lne to variations in the form and num- 
J f\ her of the. crystal needles in the successive 

y'^'y A layers. On the other hand, JI. Fiscimit ( 3S ) 
jj (< \' l \p ^ as recently explained the stratification as due 

fx , / * to zonal splits rich in water, which originate 

'"v J by r<m traction taking place in the substance 
of tli*'. grain at some distance from its grow- 
l’’ 1 .. si.- l.eueoplasts 'idiii tin aerial tuber j n g surface. ]u a few individual cases, ARTHUR, 

”*. ; I, D, A, kykii has succeeded in showing that the 

\ icwed from tin* side viewed from ... 

altov** ; />\ b'ucopJ ist becoming green «trati fieation of tho starch grains corresponds 
and changing to a chlon-vlast. 0< 540.) to the. alternation of the periods of day and 

night, i.c. to the interference which is thus 
caused in the nutritive processes. The growth of starch grains is also affected by 
the solvent action of surrounding substances, whereby the peripheral layers may 
be partially removed, and then no longer completely envelop the entire grain. 
Starch grains are composed of a carbohydrate, the formula of which is (C 6 H 10 O 6 )n. 
Most starch grains only contain amyloid, one variety of which becomes liquid 
in the presence of water at a tempeiature of 100 1 ' C., and another, which, under 
the same conditions, does not become liquid. In addition to this amyloid many 
starch grains contain also amylodextrin. In certain cases, as in Oryza sat/iva var. 
glutiuom and Sorghum vulga re var. glafinostnn , the starqh grains consist principally 
of amylodextrin. Although starch rich in amyloid gives a blue reaction with a 
solution of iodine, the starch rich in amylodextrin takes a red wine colour. Starch 
grains becomes swollen in water at a temperature of 60° to 70° C., according to 


l’’i .. SI.— l.eueoplasts Mom an aerial label 
of i'hujtix (fro ini! foi i us. A, V , I), A’, 
Viewed from tie* side : viewed from 

above; />*, hmc.i/dist becoming green 
and changing to a chlon clast. (5< 540. ) 
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Arthur Meyer, because of the conversion into tenacious globules of the more 
readily soluble of the two amyloids ; at 138° C. starch grains become completely 
dissolved. Starch swells very readily at ordinary temperatures in solutions of 
potassium, or sodium hydrate. Heated without addition of water, i.e. roasted, 
starch becomes transformed into dextrin, and is then soluble in water and corre- 
spondingly more digestible. That starch grains give a dark cross in polarised 
light is due to the double refraction of the component crystalline elements. 


The amount of starch contained in reservoirs of reserve material 
is often considerable; in the case of potatoes 25 per cent of their 
whole weight is reserve starch, and in wheat the proportion of starch 
is as high as 70 per cent. The starch Hour of economic use is 
derived by washing out the starch from such reservoirs of reserve 
starch. In the preparation of ordinary flour, on the contrary, the 
tissues containing the starch are retained in the process of milling. 

Aleurone. — Aleurone or protein grains are produced in 
the seeds of numerous plants, especially in those containing oil. 
They are formed from vacuoles, the contents of which are rich in 
albumen, and harden into round grains or, sometimes, into irregular 
bodies of indefinite shape. A portion of the albumen often crystal- 
lises, so that frequently one, and occasionally several, crystal# are 
formed within one aleurone grain. In aleurone grains containing 
albumen crystals there may often be found globular bodies, termed 
globoids, which, according to Pfeffer ( 30 ), consist of a double 
phosphate of magnesium and calcium in combination with some organic 
substances. Crystals of calcium oxalate are also found enclosed in the 
aleurone grains. 


V \ -A 



Tlio seeds ot llicimts (big. 82) furnish good examples of aleurone grains with 

enclosed albumen crystals and glo- 
boids. The aleurone grains them- 
selves lie embedded in a cytoplasm 
that is rich in oil. In the cereals 
the aleurone grains, which lie only 
in the outer cell layer of the seeds, 
(Fig. 83, al) are small, and free from 
all inclusions ; they contain neither 
crystals nor globoids. As the outer 
cells of wheat grains contain only 
aleurone, and the inner almost ex- 
Vl " m s “- V 1 * 11 1,0,11 n,M ‘‘iiilosperm Of Kiri aw clusively starch, it follows that Hour 

commit nisy in water ; li isolated iileuroue uriiiiis : • i . ,, 

i„ I, . , n 11 is tile richer or poorer m albumen 

111 Olive ml; k t albumen crystals; if . globoid. . 1 . ‘ ‘ ' 

(x Mo.) the more or less completely this outer 

layer has been removed before the 
wheat Is ground. F rom the inner layers finer and whiter Hour can be made ; 
while more nourishing Hour is obtained from the outer layers. 

Reactions lor aleurone are. the same as those already mentioned for the albu- 
minous substance of protoplasm. Treatment of a cross-section of a grain of wheat 
(Fig. 8d) with a solution ot iodine would give the aleurone layer a yellow-brown 
colour, while the starch layers would he coloured blue. 
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Albumen Crystals. — Crystals of this nature are especially frequent in aleurone 
grains (Fig. 82). They have previously been mentioned as occurring in the chroma- 
tophores. In the illustration of the leucoplasts of Phajus grandifolim (Fig. 81), 
the rod-shaped crystals are represented as light stripes (in B and E). Albumen 
crystals may also occur directly in t\e cytoplasm ; as, for instance, in the cells poor 
in starch, in the peripheral layers of potatoes. Albumen crystals are sometimes 
found even in the c*ell nucleus. This is particularly the case in the Toothwort 
( Lafhraca aquamaria ), and in many Scroph ulariacme and Olewxae ( 40 ). Albumen 



Ki. Part • »f a station of u grain >f wluut, Tntinnn 
rtiifji'n. /i, Perirari* ; t, s« «m 1 i*oat, internal to which 
is the enUoaperm ; ol, iile.urui • > grains; mil, starch 
grains; n, ceil nucleus, (x 240.) 


run M. - -0**1 1 from the cortex 
of Droruf i, a rvbnt, tilled 
with i iicilaginouK matter 
ami < ntaiiiing a lnmUlc 
of ran l«s, r. (x 1(10.) 

crystals usually belong either to the regular or to the hexagonal crystal system. 
They differ from other crystals in that, like dead albuminous substances, they may 
be stained, ami also in that they are capable of swelling by imbibition. Subjected 
to the action of water or a dilute solution of caustic potash, they at first increase in 
size without losing their crystalline outline. 

Crystals of Calcium Oxalate. — Few plants are devoid of such 
crystals. They are formed in the cytoplasm, within vacuoles which 
afterwards enlarge and sometimes almost fill the whole cell. In such 
cases the other components of the cell become greatly reduced ; the cell 
walls at the same time are often converted into cork, and the whole 
cell becomes merely a repository for the crystal. The crystals may 
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be developed singly in a cell, in which case they belong cither to the 
tetragonal or monosymmetrical crystal system; or, as is more frequently 
the case, they form crystal aggregates, clusters of crystals radiating 
in all directions from a common centre. In the LUiaceae , Orchidacea s, 
and other Monocotyledons, compact bundles of needle-shaped crystals 
of calcium oxalate, the so-called raphidms, are especially frequent 
(Fig. 84 ). Such crystal bundles are always enclosed in a large 
vacuole filled with a mucilaginous substance. The degree of concen- 
tration of the mother liquor from which the crystals have separated, 
determines, according to Kny ( 41 ), their crystal form, whether 
tetragonal or monoclinic. 9 

Siliceous bodies, which are only soluble in hydrofluoric acid, are found in the 
cytoplasm of many cells, especially of Palms and Orchids, and often completely fill 
the whole cellular space. I 

Tannin. — Highly refractive vacuoles filled with a concentrated solution of 
tannin arc of frequent occurrence in the cytoplasm of cortical cells, and may often 
grow to a considerable size. The dark-blue or green colour reaction obtained on 
treatment with a solution of ferric chloride or ferric sulphate, and the reddish-brown 
precipitate formed with an aqueous solution of potassium bichromate, arc usually 
accepted as tests for the recognition of tannin, although equally applicable for a 
whole group of similar substances. 

Fats and Oils in plants are mixtures of fatty acid esters. Frequently, as in 
most Monocotyledons, a fatty oil appears in the old chlorophyll grains. % The 
occurrence of castor oil in the form of highly refractive drops in the cytoplasm of 
the aleurone-containing cells in the endosperm of the castor-oil seeds, has already 
been referred to. Oil usually occurs in this form. But fatty substances may also 
appear in the cytoplasm as irregularly - shaped, more or less soft grains, as for 
example in the vegetable butters and in the wax of various seeds ; they may even 
be crystalline, as in the needle-like crystals of Para-nuts ( Bcrtlwllrtia execlsa ) and of 
Nutmeg {Mnristim fray fans). , 

Olycocex. — This substance, related to sugar and starch, and of frequent occur- 
rence in animal tissues, fulfils, according to Eureka ( 4 “), the same functions in the 
Fungi as sugar and starch in the higher plants. Cytoplasm containing glycogen 
is coloured a reddish-brown with a solution of iodine. This colour almost wholly 
disappears if (lie preparation be warmed, hut reappears on cooling. 

Ethereal Oils and Resins. — In most cases the strongly refractive drops found 
dispersed throughout cytoplasm are globules of some ethereal oil. It is the presence 
of such oils in the petals of many flowers that gives to them their agreeable perfume. 
Under certain conditions the oil globules may become crystallised. This occurs, for 
example, in Rose petals. Secretions from surrounding cells are often deposited in 
special receptacles in which, through oxidisation, camphor or resin is formed. 
Special cells of this kind, with corky walls and Idled with resin or ethereal oils, are 
found in the rhizomes of certain plants, as for instance in those of Calamus {Acorns 
Calamus) and of Ginger {Zingiber officinale) ; also in the hark, as, for example, of 
Cinnamon trees {Cinnamon tun) ; in the leaves, as in the Sweet Bay ( Lavras 
nob ills) ; io the pericarp and seed of the Pepper ( Piper nigrum) ; in the pericarj) of 
Anise seeds [Illiciuui anisatum). 

Mucilacinous Matter is often found as a part of the cell contents in the cells 
of bulbs, as in Allium Ccpa and Urginca Salta, in the tubers of Orchids, also in 
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aerial organs, especially in the leaves of Succulents, which, •living in dry places, 
are thus enabled to maintain their water supply by means of their mucilaginous 
cells. 

Caoutchouc and Gutta-percha. — These substances are found in a number of 
plants belonging to different groups, in particular in the Urticaceae , Euphorbiaceae , 
and Sapotaccae. They occur in the so-called milk sap of special cells in the form 
of small, dense globules, which, suspended in the watery sap, give it its milky 
appearance. 

Leptomtn. — This name was given by Raciborski ( 4;t ) to a catalytic enzyme, 
which he found in the sieve-tubes and laticiferous elements of the higher plants, in 
the milk of the coeo-nut, and in the tissues of the potato tuber. 

Sulphur. — As being of unusual occurrence, mention should be mado of the 
i)resence of sulphur in the form of small refractive grains in the protoplasm of 
certain Bacteria, the Beygiatoac. These Bacteria live in water containing much 
organic matter, and, acooiding to Winogradsky ( 44 ), obtain their sulphur from 
sulphuretted hjulrogen. Iu fulfilling its function in the Bacteria the sulphur 
• becomes oxidised into sulphuric acid. 

The Cell Sap. — Under this term is included especially the fluid 
which in old cells fills the inner sap cavity. It is generally watery 
and clearer than the fluid contained in the smaller vacuoles of the 
cytoplasm. No sharp distinction can, however, be drawn between the 
sap cavity and vacuoles, and, moreover, a number of such vacuoles 
may take the place of the sap cavity itself. The cell sap usually 
gives an acid reaction, owing to the presence in it of organic acids or 
their salts. The substances held in solution by the cell sap are very 
various. The soluble carbohydrates, in particular the sugars, cane 
sugar, the glucoses, and especially grape, sugar, frequently occur in 
the cell sap. The glucoses may be recognised by their reducing 
properties. 

If preparations containing glucose be placed in a solution of copper sulphate, 
and, aftei being washed out, are transfeiml to a solution of caustic potash and 
heated to boiling, they will give a brick red precipitate of cuprous oxide. If cane 
sugar or saccharose be present, this same treatment gives only a blue colour to the 
cell sap. 

Carbohydrates arc transported in a plant principally in the form 
of glucose ; cane sugar, on the contrary, is stored up as reserve 
material ; as for example, in the sugar-beet, in the stems of sugar-cane, 
and in other plants from which the sugar of economic use is derived. 

' iIxulin, a carbohydrate in solution in cell sap, takes the place of starch in the 
Compositac. Treated with alcohol, iimlin is precipitated in the form of small granules, 
which may be redissolved in hot water. When portions of plants containing much 
in ul in, such as the root tubers of Dahlia variabilis , are placed in alcohol or dilute 
glycerine, the inulin crystallises out and forms spheerites, spheroidal bodies composed 
of radiating crystal needles arranged in concentric layers. 

Amides such as glutamin and asparagix are also generally present in the 
cell sap. 
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There are frequently found dissolved in the cell sap tannins, alkaloids, 
and glucosides, such as coniform, hesperidin, amygdalin, solanin, resculin, 
saponin, and also hitter principles related to the glucosides. Organic acids (malic, 
formic, acetic, and oxalic acids) are also of frequent occurrence in the cell sap ; thus, 
malic acid is usually present in the leaves of the succulents. For ' the most part, 
these organic acids unite with bases, and the salts which are formed often crystallise. 
Of acid salts, which are less frequent than free acids, the binoxalate of potassium 
found in Field Sorrel (limner) and Wood Sorrel ( Oxalis ) deserves special mention. 
Species of Stilicornia and Salsola contain sodium oxalate. The cell sap always 
contains dissolved inorganic salts, especially nitrates, sulphates, and phosphates. 


The cell sap is often coloured, principally by the so-called antho- 
cjyanin. This is blue in an alkaline, and red in an acid reacting cell 
sap, and, under certain conditions, also dark red, violet, dark blue, and 
even black. Blood -coloured leaves, such as those of the Purple Beech, 
owe their characteristic appearance to the united presence of green 
chlorophyll and anthocyanin. The different colours of flowers are 
due to the varying colour of the cell sap, to the different distribution 
of the cells containing the coloured cell sap, and also to the different 
combinations of dissolved colouring matter with the yellow, yellowish 
red, or red chromoplasts and the green chloroplasts. There is 
occasionally found in the cell sap a yellow colouring matter known as 
xanthein ; it is nearly related to xanthophyll, but soluble in water. 


2. Ontogeny of tiie Cell 

The Origin of the Living Elements of Protoplasm. — Al} the 

nuclei in an organism owe their origin to the nuclei of previous 
generations. The spontaneous formation of a nucleus never takes 
place. In the same manner, the cytoplasm of every organism is 
derived from the cytoplasm of the germ cell, and, so far as is yet 
known, the chromatophores take their origin only from their own kind. 

Nuclear Division. — Except in a few limited cases, nuclei reproduce 
themselves bv mitotic or indirect division. This process, often 
referred to as kakyokjnkkis, is somewhat complicated, but seems 
necessary in order to effect an equal division of the substance of the 
mother nucleus between the two new daughter nuclei. 

Indirect Nuclear Division ( 4i> ). — In its principal features the pro- 
cess is similar in the more highly organised plants and in animals. 
Its stages are represented in a somewhat diagrammatic manner in the 
accompanying figure (Fig. 85), as they occur in a vegetative cell such 
as those which compose the growing point. 

The threads composing the clear network of the resting nucleus 
(tig. 85, 1) first become thicker and correspondingly shorter, the anasto- 
mosing connections forming the meshes are drawn in, while the thread 
itself straightens out and becomes less entangled, and in consequence 
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more easily distinguished (Fig. 85, 2). At the samtf time the amount of 
the chromatin increases, and this increases its capacity of absorbing 
stains. Finally, the chromatin substance in the thread becomes 
arranged in parallel discs united by linin. The thread itself then 
divides transversely into a definite number of segments, the CHROMO- 
SOMES (Fig. 85, 3, 4), which thereupon range themselves in a plane in 
a special manner, and form the so-willed NUCLEAR PLATE (5). Then, 
or sometimes before, the segments divide longitudinally (6), and the 



Fit;. s:>. — Successive stages of nucltur an<l cell-division in an embryonic cell such as Hint of a 
growing point. Somewhat (liugnwnmatic. n, Nucleolus ; p, polar cups ; u\ nuclear membrane ; 
<’h, chromosomes ; s, spindle fibres, (x about 000.) 


halves thus produced separate from each other in opposite directions 
(7) to form the daughter nuclei. 

Other changes serve to direct the process thus briefly described. 
While the chromatin-containing filament is becoming shorter and dis- 
entangling itself, and then breaking up into the chromosomes, cyto- 
plasmic filaments become applied to the nuclear membrane, surrounding 
it with a fibrous layer. This layer becomes raised up from the 
nuclear membrane at two opposite points (2) and forms the polar caps. 
These are filled with a homogeneous substance in which fine filaments 
appear later. The latter converge at the poles, without, however, 
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coming into contact?; they constitute two pointed bundles, since they 
diverge from one another as they pass from the polar regions (3). At 
this stage the rtucleoli are dissolved and the nuclear membrane dis- 
appears. The fibres proceeding from the polar caps can thus become 
prolonged into the nuclear cavity (4). Here they either become 
attached to the chromosomes, or filaments from the two poles may 
come into contact and extend continuously from the one pole to the 
other. In this way the nuclear spindle is formed. The fibres of the 
spindle attached to the chromosomes may be termed traction- fibres, 
those which run from pole to pole supporting-fibres. In plants the 
material for the construction of the spindle appears to be mainly 
derived from the nucleoli. Any excess of nucleolar substance passes 
into the surrounding cytoplasm, where it forms the so-called extra- 
nuclear nucleoli. The traction-fibres promote the arrangement of the 


1 2 3 4 S 



Fhj. si?.— I M ngranunatie representation of the different positions occupied chromosomes in 

tlm spindle and during their separation. and //, daughter chromosomes of one mother 
chromosome ; c, traction-fibres of the spimlle. 


chromosomes in the equatorial plane (5, 6). After the chromosomes 
have split longitudinally into the daughter chromosomes, the latter are 
separated and drawn towards the two poles by the contraction of the 
traction -fibres (7, 8). The supporting-fibres afford the necessary 
resistance in the process. The spindle fibres can often be traced to 
the limiting layer of the cytoplasm, and their attachment to this 
determined. In forming the daughter nuclei, the free ends of the 
chromosomes first become drawn in (10), and the surrounding cyto- 
plasm separates itself by means of a protoplasmic membrane (11) from 
the developing nuclei. Within the nuclear cavities w T hich are thus 
produced the chromosomes elongate (12), and joining together, end to 
end, become again intcrtaugled. The chromatin substance is diminished 
in quantity, nucleoli at length appear in the enlarging nuclei, and 
finally a condition of rest is again reached. 

The process of nuclear division is described above as it usually takes place in the 
young tissues of more highly organised plants. The chromosomes are usually loop- 
shaped, and the traction-fibres become attached to the middle point of the loop, less 
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commonly toward an end. The traction fibres from the two poles attach themselves 
respectively to the two daughter chromosomes of each pair. The orientation of the 
pairs of daughter chromosomes in the nuclear spindle, and the way in which they 
separate from one another, is represented in the accompanying diagram (Fig. 86). 
In (1) the two shanks of each pair of chromosomes lie nearly in the equatorial plane, 
and each of the daughter chromosomes on their separation (2) assumes the form of 
the letter U, remaining attached by the shanks More commonly, while one of the 
shanks of the paired chromosome lies in the equatorial plane, the other is directed 
towards one of the two poles (3). In this care a condition of things results, when 
the daughter chromosomes separate, which is ^presented in 4 or 5. The former 
show’s the resulting appearance when the daughter chromosomes remain for a time 
attached to one another at both ends ; the latter when separation soon follows at 
the end directed towards the nuclear pole. In all cases the separation proceeds from 
the point of attachment of the traction fibres. When a paired chromosome is 
attached to the spindle near one of its cuds, the separation of the daughter chromo- 
somes naturally commences near this end ; when the attachment is by the middle of 
the chromosome the daughter chromosomes remain longer attiched by their ends. 



I'j* s7. .Multipolar stage of tie* 
spindle iu tlie pollen mother cell 
of Lrfiuin MmttHjH/i. //, The jMjle.s 
of tin; preliminary spindle; «•/*, 
chromosomes. (>750.) 



Fui. «s.— A nucleus of a young plant 
of the Drown Seaweed, Funis wrratun, 
preparing to divide. The two centre- 
Homes (/■), which have arisen by the 
division of a single one, have already 
separated from one another ; kp, radia- 
tions of the iibrillur plasma ; s, chromo- 
somes ; h, nucleolus, (x 1000.) 


In Fig. Sit the behaviour of the chromosomes is represented as in the diagrams 3 
and 4 (Fig. 86). As a rule it does not appear so clearly, but more or less combined 
with the other type. 

In certain reproductive cells ot the more highly organised plants the nuclear 
spindle is not from the first bipolar, as in the vegetative tissues, but is at its appear- 
ance multipolar. The bipolar spindle is derived from the multipolar early stage. 
In Fig. 87 such a multipolar condition of the spindle in a dividing pollen mother 
cell is represented. Cytoplasmic filaments are differentiated in the alveolar 
cytoplasm in the neighbourhood of the nucleus, which form at first a network 
around the latter. From the network single bundles of fibres become separated 
and extend towards the surface of the cell forming the poles (Fig. 87). The majority 
of these bundles are later wdt lid raw’ll, while from those situated at two opposite 
sides of the nucleus the ultimate poles of the bipolar spindle are derived. 

The changes occurring in a mother nucleus preparatory to division are termed 

G 
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the prophanks of the karyokinesis. These changes extend to the formation of the 
nuclear plate, and include also the process of the longitudinal division of the 
chromosomes. The Reparation of the daughter chromosomes is accomplished in the 
metaphases, and the formation of the daughter nuclei in the anaphases of the 
karyokinesis. The real purpose of the whole process is consummated in the 
quantitative and qualitative division of the chromosomes, resulting from their 
longitudinal segmentation (6, Fig. 85 ; B , (J, Fig. 80). The anaphases of the 
karyokinesis are but a reverse repetition of the prophases. 

The nuclear spindle appears to be formed from the constituent of the cytoplasm, 
which was distinguished above aS the fibrillar plasma (p. 58). 

In the mother cells of the spores of the higher Cryptogams ami of the pollen 
grains and embryo -sac of the Phanerogams, a reduction in number of the 
chromosomes occurs on the entry of the nucleus upon the prophase. The reduction 
is, as a rule, to one half the number present in the nuclei of the surrounding 
tissues. ¥wo nuclear divisions tend to follow quickly upon this numerical reduction 
of the chromosomes ; the two longitudinal divisions of the chromosomes for these 
divisions are, however, completed at the commencement of the first division. The 
appearance of these dividing nuclei differs from what is to be seen in the other 
tissues. The first of the two divisions lias been termed heterotypic, the second 
homeotypie, while both can he contrasted with the typical division as atypical ( 46 ). 
Corresponding processes of division appear in the preparation of the sexual products 
of animals. 

In those lower Cryptogams, the nuclei of which possess an individualised 
centrosome, the latter undergoes division into two at the beginning of karyokinesis. 

The two halves separate from one another (Fig. 88, c) 

' . .. . and ultimately reach the points which will become 



the poles of the spindle. Even during the process 
of separation each centrosome is surrounded by kino- 
plasmie radiations (kp). When the centrosomes 
iiave reached the poles the. nuclear membrane dis- 
appears, and spindle fibres appear in the nuclear 
cavity itself. These clearly proceed from the centro- 
somes and become attached to the chromosomes. 
The complete nuclear spindle (Fig. 8f>) has a centro- 
somc with kinoplasmatie radiations (kp) at each 
pole, but in other respects agrees with the spindles 
of the higher plants, from which centrosomes are 
absent. The main features of the division and the 


Flu. 80. -A nuclear spindle of a 
cell ol’ a young plant of the 
Brown Koawoed ( Fuats norm tun) 
with split chromosomes in the 
nuclear plate. <\ Centrosomes ; 
hp } radial umaof fibrillar plasma; 
»p, spindle fibres ; s, longitudi- 


formation of the daughter nuclei are also similar in 
the two cases. The centrosomes persist in the 
daughter nuclei and divide into two on each sub- 
sequent nuclear division ; the kinoplasmatie radia- 
tion around the centrosome vs, however, only present 
fiuring the karyokinetic process ( 47 ). 


nally divided chromosomes 
forming the nuclear plate. 
(X 1000.) 


Direct Nuclear Division. — In addition 
to the mitotic or indirect nuclear division 


there is also a dikkct or amitotic division, 
sometimes called Fragmentation (Fig. 90). This may have been 
the original mode of nuclear division, and among the lowest organisms 
transitions between it and indirect division are found. In the higher 
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plants direct division of the nucleus is a reduced, or indeed a senile 
process which usually occurs in old cells, or in cells in which the cell 
contents become disorganised shortly after the nuclear division. 

Instructive examples of direct nuclear division are afforded by the 
long internodal cells of the Stoneworts 


( Characeae ), and aho by the old inter- 
nodal cells of Tradescantia (Fig. 90). 

The direct nuclear division is chiefiy 
a process of constriction which, however, 
need not result in new nuclei of equal 
size. In the case of the Stoneworts, 
after a remarkable increase in the size 
of the nucleus, several successive rapid 
divisions take place, so that a contipuous 
■ row of bead-like nuclei results. The old 
internodal cells of Tradescanfia (Fig. 90) 
very frequently show half -constricted 
nuclei of irregular shape. While in uni- 
nuclear cells indirect nuclear division is, 
as a rule, followed by cell division, this 
is not the case after direct nuclear 
division. 

Cell Division. —In the uninuclear cells 




of the Oormophytes, cell division and fi«* ao.— old c«»n« from the Htnm of 
nuclear division arc, generally, closely «-»*.• f '«»'« 

’ c* J * J nuclei in process of direct division. 

associated as parts of one and the same (x mo.) 
act. The spindle fibres extending from 

pole to pole persist as connecting fibres between the developing 
daughter nuclei (Fig. 85, 8, 9). Their number is increased by 
the interposition of others in the equatorial plane. In consequence 

of this a barrel -shaped figure is 
ABC formed, which either separates en- 
^ tirely from the developing daughter* 

\ / ' /\ nuclei, or remains in connection 

/ 1 / j tjfc 1 1 ^ iem by means of a peri- 

A \ J 9 P \ i - pheral sheath, the connecting 

r "' US utricle. The first is the case in 
' s \ * \ ~ colls rich in cytoplasm, the latter 

\ J ‘ ^ / J when the cells are more abun- 

dantly supplied with cell saj). 

Fici iU.-Tbr.c stase* in the division of a At thc same time the connecting 
living cell <»f kpipartut pulvxtru. (After , , . . . ® 

trkcb, x 3 r, 5 .) fibres become granularly thickened 

(11) at the equatorial plane, and 
form wliat is known as the cell PLATE. In the case of cells 


rich in protoplasm or small in diameter, the connecting fibres 
become more and more extended, and touch the cell wall at all 
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points of the equatorial plane (12). The elements of the cell plate 
then unite and form a cytoplasmic limiting layer, which then splits 
into two. In the plane of separation the new partition wall is formed 
of cell-wall substance, and thus simultaneously divides the mother 
cell into two daughter cells (12). If, however, the mother cell has a 
large sap cavity, the connecting utricle cannot at once become so 
extended, and the partition wall is then formed successively (Fig. 
91). In that case, the partition wall first commences to form at the 
point where the utricle is in contact with the side walls of the mother 
cell (Fig. 91, A). The protoplasm then detaches itself from the part 
of the new wall in contact with the wall of the mother cell, and moves 
gradually across until the septum is completed (Fig. 91, B and C) ; 
the new wall is thus built up by successive additions from the 
protoplasm. 

The connecting fibres of the spindle consist of kinoplasm. The origin of the 
cell plate from swellings of these fibres indicates its kinoplasmatie nature also. By 
the splitting of the cell plate the limiting layers of the two sister cells are com- 
pleted across the place of separation. The separation of the complex of connecting 
fibres into two halves effects an equal division of the kinoplasm between the two 
new cells. 


In the Thallophytes, even in the case of uninuclear cells, the parti- 
tion wall is not formed within connecting fibres, but arises either 
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Km. i>2. — ('i'll of Spi / (>(/ i/m in division. 
», One of the daughter nuclei ; w, de- 
veloping partition wall ; ch, chlorophyll 
hand, pushed inward by the newly- 
forming wall. ( x 2:50.) 



Km. 1*3. — Portion of a dividing evil ol’ (Jludo- 
pliura fracta. u\ Newly-forming partition 
wall; vh t intercepted chrouiatophore : l , 
nuclei, (x COO.) 


simultaneously from a previously formed cytoplasmic plate, or suc- 
cessively, by means of diaphragm-like projections from the wall of the 
mother cell. It was a division process of this kind (Figs. 92, 93), 
first investigated in fresh-water Algae, that gave rise to the conception 
of cell division, which for a long time prevailed in both animal and 
vegetable histology. In this form of cell division the new wall com- 
mences as a ring-like projection from the inside of the wall of the 
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mother cell, and gradually pushing further into the* cell, finally extends 
completely across it (Figs. 92, 93). In a division of this sort, in 
uninuclear cells, nuclear division precedes cell division, and the new 
wall is formed midway between the (laughter nuclei (Fig. 92). In 
the multinuclear cells of the Thallophytes, on the other hand, although 
the nuclear division does not differ from that of uninuclear cells, cell 
division (Fig. 93) is altogether independent ot nuclear division. And 
in multinuclear, unicellular Thallophytes, nuclear division is not fol- 
lowed by a cell division. The interdependence of nuclear and cell 
division in uninuclear cells is necessary to ensure a nucleus to each 
daughter cell. In multinuclear cells it is not essential that ceil 
division should always be accompanied by nuclear division, as in any 
case sufficient nuclei will be left to each daughter cell. 


Free Nuclear Division and Multicellular Formation. — The nuclear division in 
the multinuclear cells of the Thallophytes may serve as an example of free nuclear 
division, that is, of nuclear division unaccompanied by cell division. In plants with 
typical uninuclear cells, examples 

of free nuclear division also occur : ( ( ( ; '■ /V, 

although, in that case, the nuclear 
division is customarily followed 
by cell division. This i< often 
the case in the formation of germ 
cells, and is due to the fact that 
while the nuclei increase in num- 
ber this process is not accompanied 
by a corresponding cell division. 

When, however, the number of 
nuclei i ,; completed, then the cyto- 
plasm hot ween the nuclei divides 
simultaneously into as many por- 
tions as tli-re are nuclei. In this 
profess we havi an example of 
multicellular format mn. This 
method of development is especi- 
ally instructive in the embryo-sac 
of Phanerogams, a cell, often of 
remarkable size and rapid growth, 
in which the tuture embryo is de- 
veloped. The nucleus of the em- 
bryo-sac divides, the two daughter 
nuclei again divide, their successors 
repeat the process, and so on, until 
at last thousands of nuclei are 
often formed. No cell division accompanies these repeated nuclear divisions, 

, but the nuclei lie scattered throughout the peripheral, cytoplasmic lining of 
the embryo- sac. When the embryo-sac ceases to enlarge, the nuclei surround 
themselves with connecting strands, which then radiate from them in all directions 
(Fig. 94). Cell plates make their appearance in these connecting strands, and from 
them cell walls arise. In this manner the peripheral protoplasm of the embryo-sac 





Ficj. 04. — Portion of the peripheral protoplasm of the 
embryo-sac of Umda ndoraUi . , showing the commence- 
ment of multicellular formation. ( x 240.) 
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divides, simultaneously, into as many cells as there are nuclei. Various intermediate 
9 tages between simultaneous, multicellular formation and successive cell division can 
. v often be observed in an eni- 

7 bryo-sac. Where the em- 

•m \|// bryo-sac is small and of 

. ’ fa slow growth, successive cell 

" ' K&k \ ^ division takes place, so that 

. . ' multicellular formation may 

* .* I be regarded as but an acceler- 

* ■" ated form of successive cell 
division, induced by an 
1 ' ■ A f 1 extremely rapid increase in 

/ /jCL\ \ ■ the size of the sap cavity. 

- y ‘ r , f ( gft ) ; y / Free Cell Formation — 

V 7 >•/- Cells produced by this pro- 

f 1 \ ■ ' . cess ditier conspicuously 

[ ’ ' " . . from those formed by the 

! .-Mr f . 1 ‘ V ' * I usual mode of cell division, 

\ y V - / in that the free nuclear 

'v _ % division is followed by the 

v -<.. „, v ' ■' formation of cells, which 

g j) have no contact with each 

other, and in the formation 

Km. Uii. — Successive stupes of tl>c delimitation of a spore in the 0 f which the whole of the 
asms of Eri/sivhe communis. A, Before delimitation has , , c , , ,, 

begun; the fibrillar plasma (Jqi) radiates into the cytoplasm c y ‘ lsIn 0 10 m 

around; in li the fibrillar plasma has commenced to grow ce ^ 1S n °fc nsed Up. 1 hi ft 
round the mass of cytoplasm ; in C this process is com- process can be seen ill the 
plete, but the limiting layer produced by the fusion of ratlin- developing embryo of the 
lions of tl,« lihriHar plMina in Ht-ill connected with the polar Gymn ” ms j n K phcdra 
sale of the nucleus; in D tins kinoplasmatic connection J 1 
between nucleus and limiting layer has disappeared ; s, example, ami also in 

nuclear network ; //, nucleolus. (After IJahpkh, x 1500.) the formation of the spores 

of the Aficomycet.cs. A single 

nucleus is present to begin with in each ascus of the Ascomycetes. By successive 
divisions eight nuclei lying free in tlic cytoplasm are derived from this. A definite 
portion of cytoplasm around eacli of these nuclei becomes limited by a peripheral 
layer which then forms a cell wall. Thus eight separate spores arise (cf. Fig. 276). 
As the researches of Harper ( 4H ) have shown, the limiting layer of each spore is 
derived from a mass of kinoplasm aggi egated at one side of the nucleus. The radia- 
tions of this gradually grow round the mass of cytoplasm (Fig. 9f>). 

Cell - Budding. — This is simply a special variety of ordinary cell division, in 
which the cell is not divided in the middle, but, instead, pushes out a protuberance 
which, by constriction, becomes separated from the mother cell. This mode of cell 
multiplication is characteristic of the Yeast plant (Fig. 2, p. 11) ; and the spores, 
known as conidia, which are produced by numerous Fungi, have a similar origin 
(Fig. 292). 

Conjugation ( 4W ).— A sexual cell is only able to continue its development alter 
fusion with another sexual cell. The two cells so uniting are either alike, and in 
that case are called cametes, or unlike, and are then distinguished as e<;u and 
speum atozoi i». The spernnitozoid is the male, the egg the female sexual cell. The 
gametes may be motile (Fig. 96, B) or non-motile. The motile gametes frequently 
resemble the swarm-spores (Fig. 96, A) generated by the same parent for the purpose 


tions of the fibrillar plasma is still connected with the polar 
side of the nucleus; in D this kinoplasmatic connection 
between nucleus and limiting layer has disappeared ; s, 
nuclear network ; n t nucleolus. (After Harper, x 1500.) 
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of asexual reproduction. As a rulp, however, they are smaller than the swarm- 
spores, and have usually only half as many cilia. In the more highly specialised 



Fio. %. — .!, An asexual swarm spore 
of V loth i' Lx sonata : It, I, a gamete ; 
2 ami 3, conjugating gametes ; 4, 
z>gote, formed by the fusion of 
two gametes, (v 600.) 



Fin. uT. — A, Spermatozoa! of t'huro 
fray ilia; 11, spenuato/.oid of tin* 
Fern I’lugoj-terisCi r.Arm'h t Li. The 
darker portion, k, corresponds to 
the cell nucleus ; the lighter, c, 
to the cell cytoplasm ; cl, cilia : 
h, vesicle. ( X 640.) 



Km. 1 *n. Fertilisation of a phanerogamic Angio- 
spcrin, somewhat diagram matic. A, Knd of 
pollen tube ; in it the generative cells <jz, each 
of which contains a sperm nucleus ; rk, the 
vegetative nucleus in process of dissolution. 
/»*-/*, Kgg in successive stages of fertilisation, 
— I:, showing the generative cell with its 
s]s*rm nucleus, sk, penetrating the egg ; »yn, 
the degenerating synergida* ; C, the union of 
spenu nucleus, sk, and egg nucleus, rk; D, 
the germ nucleus, kk, resulting from the 
fusion of the sperm and egg nuclei ; ch, 
rudiments of chronmtophores. ( x about 600.) 


sexual cells the egg usually retains the structure of an embryonic cell, but the 
spenuatozoid undergoes various changes. A cytoplasmic cell body, a nucleus, and 
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the rudiments of chrowatophores are always present in the egg. The male sexual 
cell (Fig. 97), oil the other hand, becomes transformed, in the more extreme cases, 
into a spirally twisted body, provided with cilia, and exhibiting an apparently 
homogeneous structure. Only a knowledge of the history of its development, and 
the greatest care in hardening and staining, have rendered it possible to recognise 
the homology of the structure of such a spermatozoid with that of an embryonic 
cell. It has been shown that the hinder part of its spiral body corresponds to the 
cell nucleus (k), the anterior, together with the cilia, to the cytoplasm, especially the 
kinoplasm ( c ), and the vesicle ( b ), at the other extremity, to the sap cavity of a 
cell ( 50 ). 

Motile male cells provided with cilia occur only in the Cryptogams and, as has 
been recently demonstrated ( 31 ), in some Gymnosperms ( Cycculaccac , Ginkgo). In 
the Cryptogams the spermatozoids are set free from the sexual organs and require 
water for their dispersal. They reach the egg-cell, which usually remains in its 
place of origin, by swimming. In the Gymnosperms, which form motile spermato- 
zoids, the latter are brought near to the ovum by means of the pollen tube developed 
from the pollen grain. In a similar way the noil-motile male cells of the other 
Gymnosperms and the Angiosperuis are conducted to the egg through the pollen 
tube (Fig. 98). In the union of the two sexual cells in the act of fertilisation, the 
egg nucleus ( ck ) and the sperm nucleus (sic) fuse and form the nucleus of the fertilised 
egg-cell. The cytoplasm of the male cell also commingles with that of the female 
cell, but the oliromatopliores of the embryo are derived from tlie egg-cell alone. 
When the spermatozoid, as in animals and in Thallophytes, are provided with a 
centrosome, this does not fuse with the centrosome belonging to the ovum. The 
centrosome of the fertilised egg- cell appears to be derived from that of the 
spermatozoid only. 

The egg becomes capable of development as the result of fertilisation, although 
there are exceptional cases in the organic kingdom, especi- 
ally among the Arthropods, where an unfertilised egg may 
produce an embryo. This is called i’authknogenukis. 
In the. vegetable kingdom the existence of parthenogenesis 
in plants with advanced sexual differentiation is extremely 
rare. For long it was only known in certain Fungi 
(Saprolrgn ieoe) and in Chora erinita ( 5 -). More recently 
it has been demonstrated in a Pteridophyte (Mars Hi a) ( M ), 
I*' i (i. im. .. (Mi loro]>hy 1 1 and in the Phanerogams (Antcnnaria alpina, Achemilla) ( M ). 

grains from the leaf of 

r,in<irio hvjmmrtriet f, Multiplication of the Ohromatophores. — 

. (x !,rr This is accomplished by a direct division, as a 

result of which, by a process of constriction, a 
chrornatophore becomes divided into nearly equal halves. The stages 
of this division may best be observed in the chloroplasts (Fig. 99). 



B. Cell Fusions 

The connection of the living protoplasts with one another is less 
complete in plants than in the animal body. This is evident from the 
existence of the cell wall which surrounds the vegetable protoplast. 
Recent researches have, however, shown ( 5r> ) that the protoplasts of 
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the plant are united together by extremely fine cytoplasmic filaments, 
which proceed from the boundary layer of the cytoplasm. Such 
filaments are mostly confined to the pit-membrane (Fig. 101), but 


ch 



Flu. 100. A I'rll from tin* ul tin* 

M ist let or ( ulhuni): tin* protoplast 
has Immmi properly t»x**i| ami stained and 
1 lie wall (f«i> swollen. The ,.;t-im‘inhrums 
(s) are 1 1 a versed by connecting threads; 
r)i, ehlnropiasts • n nucleus. (■ 1000.) 



Fin. 101. A, A swollen portion of cell wall 
from the endosperm of the Vegetable Ivory 
Palm {I’hutvlrpliu# vuicrocarpn). At s, 
simple pits Idled with cytoplasm ; in the 
intervening pit-membrane are fine connect- 
ing threads; pi, other threads traversing 
the whole thickness of the wall, (x 375.) 
It, The contents of two opposed pits and 
the connecting threads of the pit-membrane. 
( ; 1500). r, The opening of a pit and the 
connecting threads of the pit-membrane 
viewed from the surface, (x 1500.) 


may id.so penetrate the whole thickness of the - cell wall (Fig. 100). 
The existence of these connecting filaments of living substance between 
the protoplasts confers an organic unity on the whole body of the 
]>]:» lit. 

The members, which make up the sieve-vessels, or, as they are 
commonly called, the sieve-tubes, are united by thicker strands of 
cytoplasm, which facilitate the transfer of substances through the tube. 
The transverse walls traversed by these strands of cytoplasm have 
been referred to above (p. 07) as sieve-plates. The pores attain their 
greatest diameter in some Angiosperms (Fig. 1 02). It is worthy of 
special note that, despite the fact that the nuclei of the sieve-tube 
segments disintegrate, the cytoplasm, which lines the wall, remains 
alive. The walls of sieve-tubes are always unlignified. Their sap- 
cavities contain a watery, and more or less dilute, solution of 
albuminous substances, and nearly always small starch grains are 
also present. As a rule, the si eve- tubes remain functional only 
through one or a few vegetative periods. Before their activity ceases 
the sieve-plates become covered (Fig. 102, C) with highly refractive 
callus (p. 68). 
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A more complete fusion of protoplasts is found in the formation 
of laticiferous vessels. These have the same structure and contents as 
latex cells (p. 71). Their occurrence, like that of latex cells, is limited 
to a few distinct plant families, such as the Papaveraceae , of which the 
Poppy ( Paparer ) or Celandine ( Chelidonium ), with its characteristic 
orange-coloured “sap,” are familiar examples, or the Compositae , of 
which in particular the Lettuce (Lactuca) may be cited. Latex vessels 
are distinguished from latex cells only by the method of their develop- 



Pic. 102.— Parts of sicve-tubfa of Cururbita Pe}w, harden'd in alcohol. A, Surface view of a sieve- 
plate ; /!, (', longitudinal sections, showing segments of sieve-tubes ; />, contents of two sieve- 
tube segments, after treatment with sulphuric acid ; *, companion cells ; ti, albuminous con- 
tents ; pr, peripheral cytoplasm ; c, callus plate ; <■*, small, lateral sieve-pit, with callus plate. 
(X MO.) 


ment, which lias resulted from the fusion of rows of elongated cells, 
the separating transverse walls of which have become more or less 
completely absorbed. Such vessels as a rule possess lateral branches, 
which, on meeting with one another, fuse by the absorption of their 
end walls (Fig. 103). 

A cell fusion also takes place in the formation of vessels or 
TKACifE.K, but it should not be considered as a union between living 
cell bodies, but merely as one between cell cavities. The mature 
vessels are dead tubes serving for water conduction. They are formed 
by the absorption of the transverse walls of rows of cells, the lateral 
walls of which are peculiarly marked by spiral or reticulate thicken- 
ings, or, as is more frequently the case, by bordered pits, while 
the transverse walls become more or less completely absorbed. In 
cases where the transverse walls are at right angles to the side walls, 
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they usually become perforated by a single round ‘opening while the 
rest of the wall remains as a thickening ring (Fig. 73, C). When 
the transverse walls are oblique, they are then perforated by several 
openings, between which portions of the wall remain, like rungs of a 
ladder (Fig. 104, q). According to the mode of their wall thickening* 



Fir:. 103 . -Tangential station through 
the periphery of the sl.-*m of 
Srorzonm hispanfm, showing n»- 
tie.uhitely united latex V'sseN. 
( \ ) 





Flo. 104. - Lower third of a sealari- 
torni vessel from the rhizome 
of the common Bracken Fern, 
1‘teris wjuUinn. t, Transversely 
elongated pits in the lateral 
walls ; </, scaluriform porfora- 
t ions of the terminal wall. (After 
Dk Bakv, x IT*.) 


vessels are distinguished as spiual, ueticulatk, or PITTED. When 
the transversely-elongated pits of a vessel are arranged in more or 
less parallel rows (Fig. 104), it is called a s< A LA Ki form VESSEL. 
The thickening of the vessel walls is always lignified. The living 
contents of the cells, after the perforation of the transverse walls, 
become completely absorbed, and the fully-formed vessels or tracheae 
contain only water and a limited amount of air. 

There is no difference between vasiform tracheitis and vessels other than that 
the former are single elongated cells, and the latter fused cell row's. Generally 
speaking, traeheids are formed in parts of plants still in process of elongation, 
vessels in parts w r here growth in length lias already ceased. True vessels make 
their first appearance in some of the Ferns, for instance, in the common Bracken 
( Pteris aquiiina). In the main, despite the name Vascular Cryptogams, Ferua 
have only vasiform traeheids. Even in the Gyrnnosperms the Undaeeae are the 
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only family regularly provided with vessels. It is in the Angiosperins that vessels 
first become of frequent occurrence. Vessels are not of an unlimited length. 
A few plants, however, such as the Oak, and especially climbing woody plants 
(Lianes), have vessels several metres long ; but, as a rule, tlieir length is not more 
than a metre, and in plants, the woody portion of which conducts water only by 
vessels, the vessels have an average length of only ten centimetres. The length of 
an individual vessel is defined by the presence of transverse walls, which are not 
perforated except by bordered pits. 

A similar fusion to that seen above to occur in the formation of 
laticiferous vessels is also met with in fungal hyphse ; by an absorp- 
tion of a part of the wall where two branches come into contact, their 
protoplasmic contents unite. A still more complete fusion is exhibited 
by the naked am<ebse of a myxomycete in forming the plasmodium 
(p. 55). The fusion of the sexual cells in the process of fertilisa- 
tion possesses spechil characteristics which justify its separate 
consideration. 


Tissues ( 56 ) 

Origin and General Properties of Tissues. — A continuous aggre- 
gation of cells in intimate union is called a tissue. The origin of 
vegetable tissues is, in general, attributable to cell division. It is 
only in the Fungi and Siphoneae that a tissue 
arises through the interweaving of tubular 
cells or cell filaments (Fig. 105). In such 
cases, where the filaments are so closely 
interwoven as to form a compact mass of 
cells, the apparent tissue thus formed has 
the same appearance as the tissues of higher 
plants (Fig. 106). 

The mutual interdependence of the cells 
of a tissue is manifested both by the con- 
junction of their pits (Figs. 67, 70, 71), 
and by the general similarity of their wall 
thickenings. 

The cells in a tissue may either fit 
closely together, leaving no openings or 
ri<;. 10 V -- Loiiniltiilimil section of spaces, Or SO called INTERCELLULAR SPACES 

Ihc .talk I>r Uh> tVlii-tillcation of n be left between the individual cells. 

itonix* alnhs. (x 300 .) / , . 

Where cell filaments are interwoven into 

a tissue, their intercellular spaces are represented by the openings left 
between the loosely-intertwined filaments (Fig. 105). In tissues re- 
sulting from cell division the intercellular spaces arise subsequently, 
as the partition wall between two cells formed by cell division originally 
belonged to botli mutually. 

Such a partition wall may ultimately split and so give rise to intercellular 
spaces, but this only occurs after it has been thickened. The cause of such splitting 
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is to be fouml in the hydrostatic pressure existing within the cells, and their con- 
sequent tendency to assume a spherical shape. The formation of intercellular spaces 
commences, therefore, at the cell corners, where the primary wall, consisting of pecti- 
nose material, becomes swollen. 

The simplest and at the same time most, frequent intercellular 
spaces are triangular or quadrangular in outline, as seen in cross- 
section (Figs. 67, i, 74, i). In cases where special portions of adjoin 
ing cells are in extremely energetic giowtb, 
intercellular chambers and passages, of more 
or less irregular shape, may be formed be- 
tween them. If the growth of adjoining cells 
is very unequal, it may lead t'» a complete 
separation of their cell walls : or the cells, 

.or even a whole system of tissues, may be 
stretched and torn apart. It is by such a 
process that hollow stems are formed. Inter- 
cellular spaces arising from a splitting of ad- 
joining cell walls are accordingly termed 
SCHIZOGKNIC; those formed by tearing or 
dissolution of the cells themselves are called 
lysigenic iNTEKCEi.hr lar spaces. Most intercellular spaces contain 
only air, although in special instances the}' may contain water or 
excreted products, such as gum, mucilage, resin, or ethereal oils, and 
in other less frequent cases latex. Schizogenic intercellular spaces 
are usually filled with air, while the lysigenic spaces contain almost 
always either water or secretion products. 

Of tin* scliizogeuio intercellular spaces, those filled with ethereal oils or resin, on 
account of their frequency, should be particularly noticed. Short cavities and longer 
passages, or duets, containing ethereal oils, nre to he, found in the stems, roots, 
ami leaves of numerous plant families. Thu UinlrtUifcme are especially rich in 
these, and the oil -duets form the characteristic markings (vitta*-) on their fruits. 
The Conifers are especially characterised by resin -ducts (Fig. 140, h), which, even 
during theii formation by the separation of the cell walls, seem to till with an ex- 
cretion from the. cells. The enlargement of such intercellular .spaces is accompanied 
by a division of the surrounding cells, the number of which is thus correspondingly 
increased. The cells themselves remain thin-walled, and in close contact, but bulge 
out somewhat into the ducts. Lysigenic intercellular spaces, acting as receptacles 
for secretions, have the appearance of irregular cavities in the tissue. Where they 
contain oil or resin, they develop from a group of cells in which these substances 
appear in the form of drops. The cell group then becomes disorganised by the 
gradual absorption of the cell walls, beginning with those of the cells in the centre 
of the group. In this way are formed the receptacles filled with ethereal oils, ns, 
for example, those in Didamnm ( Jlutaccae ), and in Auranticae, as in the Orange and 
Lemon. The exudation of resin, in the cast; of coniferous trees, is preceded by the 
formation of abnormal tissues, which afterwards become converted into resin. Such 
was also the origin of amber, which is the fossil resin of the Amber-fir {Pieea suceini- 
fern). The formation of gum in lysigenic gum cavities is due to the modification of 



I'm. 100, — Traus\ erse suction of 
the Holerotiuni of Clavieeps 
purpurea, (x 300.) 
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the cell walls, ami either normal tissues participate in this process, as in the case 
of the gum-arabic of the Acacia, or abnormal tissues are first developed and then 
transformed into gum, as, for example, the gum on Cherry trees. Latex does not 
occur in lysigenic intercellular spaces. 

The separating walls resulting from cell division are simj>le lamellae. That 
part of the partition wall between two cells which stands out so distinctly in 
a cross-section does not consist of the original primary cell wall alone. It is 
made up of both the primary wall and the primary thickening layers, and is called 
the middle lamella (Figs. 67, 7)i, 70, m). In soft tissues the middle lamella, 
according to Mangin, is composed of pectose combined with calcium (calcium 
pectate) ; in woody and corky tissues it 1ms the same composition, but is also 
liguified. By boiling soft tissues in water, the cells may often be easily isolated 
through the consequent swelling and dissolution of the middle lamella. In ripe 
fruits, an isolation of the cells frequently takes place spontaneously, through the 
dissolution of the middle lamella. A lignified middle lamella, on the other hand, 
soofiis able to withstand more effectually the action of oxidising agents. Conse- 
quently, it is possible, by subjecting a section of pine- wood to the action of 
Schulze’s macerating mixture (potassium chlorate and nitric acid), and subse- 
quently treating with concentrated sulphuric acid, to remove all secondary and 
tertiary thickening layers, so that only the middle lamella? remain as a delicate 
network. If the macerating process be continued for a longer time, without the 
subsequent treatment with sulphuric acid, the middle lamella? become finally dis- 
solved. The thickening layer will then he left free from all Jignification, and 
will in that condition give the blue cellulose reaction with chloroiodide of zinc. 
Schulze’s macerating method may accordingly be. employed to isolate the elements 
of lignified tissues. The inexplicable attitude of the middle lamella towards 
chemical reagents gave ryje at one time to the presumption of a peculiar inter- 
cellular substance which, like a glue, hound together tin*, cells of a vegetable, 
tissue. The supplementary deposition of pectose in the middle lamella? (p. 68) 
frequently gives rise to the formation of rod-like protuberances and excrescences, 
which project into tin* intercellular spaces, or these spaces may he filled up by the 
formation of gussets (Fig. 70, C, m*). The yellowish brown colour assumed by the 
pectose deposited on the walls of intercellular spaces, on treatment with chloroiodide 
of zinc, led to the erroneous supposition that the intercellular spaces in plants were 
lined by a thin layer of living cytoplasm. 

/ Kinds of Tissue. — Vegetable tissues may be divided into two 
groups, PAKKNC1IYMA and PROSENCHYMA, between which, however, 
no sharp distinction can be made. A typically developed parenchy- 
matous tissue is one in which the thin -walled cells are equally 
expanded in all directions, and are, for the most part, rich in proto- 
plasm. Typical prosenchymatous tissue, on the other hand, consists 
of thick -wal led, elongated culls, either in the form of fibres or 
spindle-shaped cells, with interlocking, pointed ends, and with little 
or no protoplasmic contents. A parenchymatous tissue, in which 
the cells are thick-walled and elongated, resembles prosenchyma, but 
may be distinguished from it by the absence of pointed cell ter- 
minations, and especially by the greater abundance of protoplasm. 
Thin-walled prosenchyma is not, on the other hand, necessarily lacking 
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in protoplasm, but is characterised by its pointed* and interlocking 
cells. 

An undifferentiated tissue, the cells of which are still capable of 
division, is termed embryonic tissue, or meristem. The meristem of 
embryonic rudiments and of the growing point is called puomeristkm, 
and all meristematic tissue which can be shown to have been developed 
directly from such promeristem is termed primary. A primary 
meristem, in the midst of a completely developed tissue, may still retain 
its meristematic character. Fully differentiated tissue is designated 
permanent tissue in contrast to meristematic tissue. At times, per- 
manent tissue may again become capable of division, and in that con- 
dition is called secondary meristem. 

A mass of tissue so united in the body of a plant as to form a 
, distinct histological unit constitutes a tissue system, l.i the more 
^highly organised plants three such systems n ay be distinguished — the 
tegumentary system, the vascular bundle system, and the 
fundamental tissue system. 

The tissues which make up the different tissue systems are dis- 
tinguished as primary and secondary, according as they are derived 
from the promeristem or secondary meristem. 

The primary tissues of the tissue systems will he considered first. 


y A. The Primary Tissues * 

The Tegumentary System. — In the Fieri dophytes and Phanero- 
gams the plant body is covered by a distinct outer tegument or 
epidermis; this is wanting in plants of the lower groups. On the 
inside, the epidermis, which is usually composed of but a single layer 
of cells (Fig. 74, r), is sharply marked off from the adjoining tissue, 
while on the outside it is much thickened. This is especially the 
case in all aerial parts of plants adapted for a long life, but on the 
more perishable parts of a plant, such as the floral leaves, or on those 
parts more protected, a* the noot, the cells of the epidermal layer are 
generally thin- walled or only slightly thickened. Even when the 
external walls of the epidermal cells are considerably thickened, the 
side walls, at least in part, remain unthickened. The external walls 
are also more or less cuticulariscd, while their outermost layer, which 
is more decidedly cuticularised and capable of withstanding even the 
action of concentrated sulphuric acid, extends as a cuticle continuously 
over the surface of the epidermis. The cuticle has its origin in the 
primary wails of the younger epidermal cells, which, during the increase 
in size of the plant, become very much distended, and at the same 
time strengthened by the deposition of cutin. The cuticle frequently 
becomes folded, and so assumes a striped appearance (Fig. 113). 
Plants in dry climates, or so situated that, for any reason, transpiration 
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from their outer surfaces must be diminished, are characterised by 
the extraordinary thickened and cuticularised walls of their epi- 
dermal cells. Ill some of the Gramineae , Equisetaceae , and many other 
plants, the cell walls of the epidermis are silicified. In the Equisetaceae 
the impregnation with silica is so considerable that these plants are 
used for polishing. Heating, even to redness, does not destroy the 
structure of such silicified epidermal cells. 

Deposits of wax, as I)e Bauy has shown, are also present in 
the cutinised layers of the epidermis, and consequently water will 
flow off the epidermis without wetting it. The wax is sometimes 
spread over the surface of the cuticle as a wax covering. This is the 



Flo. 107. — Transverse tuition of a node of the sugar-cane, Sncrhunnti mnitm. 

.showing wax incrustation in the form of small rods. ( x 540.) 

case in most fruits, where, as is so noticeable on plums, it forms the 
so-called bloom. The wax coverings may consist of grains, small rods 
(Fig. 107), or crusts. 

The wax deposits attain their greatest thickness on the leaves of some of the 
Palms ; on the Peruvian Wax Palm, Ccro.vylon and icola, the wax covering is more 
than f> nmi. thick. This wax, as well as that obtained from the fruit of Myrica 
cerifcra, is known as vegetable wax, and possesses ail economic value. The wax 
incrustations may be melted by heat ; they are soluble in ether and in hot alcohol. 
In many cases, in place of the wax coverings, small grains and scales of a fat-like 
substance, which is soluble even in cold alcohol, are excreted from the hairy surface 
of the epidermis. The dusty coverings thus formed appear either mealy white or 
golden yellow, and are the cause of the striking appearance of the Gold and Silver 
Ferns, especially in species of ( lymnogramme . 

In many cases, slimy or sticky excretions are produced between 
the thickening layers of the epidermis and the cuticle, which press up 
the latter and finally burst it. Such excreting surfaces often occur 
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inside buds. Sticky zones are frequently formed on stems, as in the 
case of Lychnis viscaria and other Sileneae , as a means of protection to 
the buds higher on the stem from undesirable visitors. Small creep- 
ing insects, which would otherwise rob the flowers of their honey, 
seem as little able to pass beyond such a sticky zone, as other larger 
animals to surmount the rings of tar often placed around the trunks 
of trees for a similar protective purpose. Excreting epidermal surfaces 
form also the nectaries of flowers, which by means of their sweet 
secretions lure such animals, generally insects, as are instrumental in 
their pollination. 

The cells of the epidermis, are in uninterrupted contact with each 
other, and as a rule have undulating side walls (Fig. 108). The 
protoplasm of epidermal cells generally appears to be reduced io a 
thin, peripheral layer, and the sap cavities filled with a colourless or 
^coloured sap. Around their nuclei cluster the colourless rudiments 




Fin. IMS. Surl’aer view of tin 1 U-rin is 

from tin 1 upper side of u loaf of .V.-n-ar/- 
<*} it* I’Cl'CHilits. ( .< IJ'MI.) 


Fin. 10!*. — Surface view of the epidermis from 
the under side of n leaf of Inijxitiehtt purci- 
flora, showing stomata, (x 100.) 


of the undeveloped chromatophores, showing that, although exposed 
to the light, their fui ther development may cease in cells not destined 
to take part in the assimilatory processes. Such epidermal cells with 
undeveloped chromatophores* besides acting as an external protection, 
serve as water-reservoirs ; their side walls, by means of folds in the 
unthickened parts, can expand and collapse as a bellows, according to 
the variations in their supply of water. In plants which grow in 
shade chlorophyll is usually present in the epidermal cells (Fig. 109). 

The formation of stomata ( 57 ) in the epidermis is characteristic of 
all parts of the more highly-developed plants which are exposed to . 
the air. Each stoma forms an intercellular passage perforating the 
epidermis and bounded by two elliptical epidermal cells, termed ; 
guard-cells (Fig. 110, A). The guard-cells always contain ^cMoro- { 
plasts, and are also characterised by their peculiarly thickened walls, } 
which form ridge-like protuberances projecting above and below from j 
the sides of the guard-cells adjoining the air-passage (Fig. 110, L). ( 
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Midway between the projecting ridges, on the other hand, the walls of 
the guard-cells remain unthickened (Fig. 111). 

The guard-cells themselves jut out into the air-passage (Figs. 110 B, 111), and 
thus facilitate its closing. In addition, the external thickened walls of the two 



Fig. 110. — Epidermis from llie under side of a leaf of Tradettcantia virginim. A, In surface view ; 
B, in transverse section ; l, colourless rudiments of chromatophores surrounding the nucleus, 
(x 240.) 

adjacent epidermal cells become, in some oases, suddenly narrowed on approaching 
the guard-cells. By this means a hinge-1 iko connection is formed which renders 
the guard-cells independent of the other epidermal cells. At other times the same 



Fiu. 111.— Transverse section of the epidermis of Aloe nigrietm *. 
i, Inner, uneutinised thickening layer, (x 240.) 

result is accomplished by raising the stomata above the epidermis, or, which has 
the same effect, by sinking them below the thickened epidermal walls. Frequently 
the epidermal cells adjoining the guard-cells are less thickened or lower than the 
other cells of the epidermis (Fig. 110). Such special epidermal cells are called 
SUBSIDIARY CELLS. 

i The stomata are formed by the division of a young epidermal cell into two cells 
I of unequal size, one of which, the smaller and more abundantly supplied with 
protoplasm, becomes the stoma mother -cell; while the larger, containing less 
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protoplasm, usually continues as an epidermal cell. The stoma mother -cell 
becomes elliptical in outline and divides again, by a vertical wall, into the two 
guard-cells, between which, by a splitting of the wall, the intercellular passage 
i3 formed. Before the formation of the definitive stoma mother- cell, successive 
divisions of the young epidermal cell often occur ; in such cases the finally 
developed stoma is generally surrounded by subsidiary cells. 


Stomata are chiefly developed on the green parts of plants, but are 
sometimes found even on the cp.louLCd U oral. leaves. They are natur- 
ally found in greatest numbers on the leaves, as it is there that they are 
most needed to facilitate the interchange of gases necessitated by the 
processes of assimilation. In dorsiventral leaves the stomata occur, for 
the most part, if not exclusively, on the under surface, and average 
about 100 to the square millimetre, although in some plants their 
number may reach 700. Leaves which are alike on both sides 
have their stomata equally distributed on their upper and under 
surfaces. Floating leaves of aquatic plants have stomata only on the 
side exposed to the air. In some cases, as in the Oleander ( Nerium 
Oleander ), several stomata are situated together in depressions in the 
under surfaces of the leaves. In the tissue directly undor each stoma 
there is always a large intercellular air-chamber, termed the respira- 
tory cavity (Fig. 110, 7>), which is in direct communication with 
other intercellular spaces extending throughout the leaf tissue. In 
plants grown in abundance of moisture, these intercellular spaces in 
leaves are larger than in the case of plants growing in drier situations. 

In contrast to the stomata, which as air-pores serve for the inter- 


change of gases, a few plants 
also possess WATER- STOMATA 
or water- Porks, situated at 
the ends of the so-called veins 
or nerves of the leaves. These 
pores serve as organs for the 
discharge of water or watery 
solutions. Calcium carbonate, 
in solution, is frequently ex- 
creted in this way, and in many 
species of Saxifragu it forms 
white scales on the margins 
of the leaves. Although water- 
pores may often be found at 
the apices and tips of the 



marginal teeth of young leaves, Fin. 1 12. — Wat^r-pore from tho margin of a leaf of 
they seem to dry up as the TropuetJum wajvj, with surrounding epidermal 
leaves become more mature. <x 240,) 


The guard -cells of water-stomata always lose their living contents 
prematurely, and thus the passage between them remains continually 
open. The water-stomata (Fig. 112) are always larger than the 
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air-stomata. Although submerged leaves of aquatic plants are devoid 
of air-stomat% water- stomata 
often occur on them. 

Hairs or trichomes and tegu- 
mentary outgrowths or EMER- 
GENCES are characteristic of the 
tegumentary system. Their cells 
may retain their living contents, 
or die and become filled with 
air; in the latter case the hairs 
appear white. The simplest form 
of hairs are the papilla, which are merely epidermal cells, the external 



Flu. 113. — Surface of the upper epidermis of a petal of 
Viola ■ tricolor, showing ridge-like projections from 
the lateral walls, and protruding papillae, (x‘250.) 



Fio. 114. — Seed-lmirs of the cotton, (loasypinm her- 
Interim. .-! , Part of seed-coat with hairs (x8); 
Ii\ insertion and lower part, I™ middle part, and 
upper part, ol a hair, (x 300.) 




Fio. lift.— Stinging hair of XJrtica dioica t 
with a portion of the epidermis, 
and, to the right, a small bristle, 
(x (50.) 


walls of which have protruded in a conical form. Papillae are often 
developed on the petals of flowers, and are the cause of their velvety 
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appearance (Fig. 113). Longer hairs, such as the root-hairs (Fig. 
53, r), are also prolongations of single epidermal cells ; these retain 
their living contents. The soft, hairy growths found in young buds 
are generally similarly prolonged epidermal cells which, as a pro- 
tective covering, surround the young growing tissues and sometimes 
remain on fully-developed plants to shield them from too rapid 
evaporation and sudden changes of temperature. The hairs developed 
from some of the epidermal cells of the seed coats of various species of 
Gossypluni attain an unusual length, and supply the cotton of com- 
merce (Fig. 114). These cotton hairs are sometimes 6 cm. long, and 
in their fully-developed state contain only air; their cell walls are 
thicker than those of ordinary hairs, and covered with a delicate 
cuticle. They are usually somewhat flattened and at the same time 
twisted; and are wider in the middle than at either end (Fig. 114, 
/i 2 ). Bristles are short, pointed hairs, in the thickened cell walls of 
which calcium or silica has been deposited (Fig. 115, below, to the 
right). 

The STINGING hairs (Fig. 115), such as those of Nettles (Urtka) and 
of the Loasareae t are special forms of bristles, and arise as prolongations 
of single epidermal cells. These, however, swell in the course of their 
development, and becoming surrounded by adjoining epidermal cells 
present the appearance of being set in sockets ; while, at the same time, 
by the multiplication of the cells in the tissue 
at their base, the whole hair becomes ele- 
vated on a column-like protuberance. The 
hair tapers towards the apex and terminates, 
somewhat obliquely, in a small head, just 
below which the wall of the hair remains 
un thickened. As the wall of the hair is 

silicified at the end and calcified for the rest 
of its length, the whole ham is therefore 
extremely stiff. Such hairs furnish a means 
of defence against animals. The heads 
break off at the slightest touch, and the 
hairs piercing the skin pour out their poison- 
ous contents, which, especially in the case 
of the Loasaceae , may cause severe inflam- Fl0, ifl.-oian«Uiiar hair from the 

* petiole of Primula sinensis. 

matioil. (After 1)e Bauy, x 142.) 

Unicellular Hairs, such as we have 
so far considered, may terminate in well-defined heads resulting from 
the swelling of their tips, or their side walls may develop irregular 
excrescences ; on the other hand, they may remain short and expand 
like a balloon, or remain close to the surface of the epidermis as 
spindle-shaped or stellate hairs. Multicellular hairs may be 
merely simple rows of similar cells, as the hairs on the stamens of 
Tradescantia (Fig. 60); or their terminal cells may become swollen 
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into globular heads (Fig. 116), like those on the Chinese Primrose 
(Primula sinmms ) ; or an epidermis may be covered with shield-, star-, 
or bowl -shaped hairs (Fig. 117). Some- 
times the hairs become variously branched, 
j lose their living contents, and serve as a 
protective covering similar to that formed 
by unicellular hairs. In special cases, as 
i* 1 the scale hairs of Ferns, they may even 
have the shape of a small leaf. 
n Emergences, unlike hairs, are not 

" formed solely by epidermal cells, but a 
number of cells, lying more or less deeply 
Fiu. ] 17 .— Giandiiijir scale from tho in the sub-epidermal tissues, a] so take part 


female inflorencenco of the Hop. in their formation. Thus, for example, 
iiumiiusLvjwius, in vertical sec- w hile only a few rows of sub- epidermal 

lion. A, before, B, after the ,, , £ ,. £ ,r 

w cells enter into the formation of the emer- 


cnticle has become distended by 
the excretion. In It the ex- 
cretion has been removed by 
alcohol. (Alter Df. Bary, x 142.) 


gences (Fig. 118) on the margins of the 

ctitMiloa rvf Vuneu (T^inhi trimhvA mnoL 


deeper-lying tissue participates in the de- 
velopment of the emergences which, as trickles, serve in the case of 
roses as a means of protection, and at the same time are of assistance 
in climbing. The thick emergences, which 


spring from the roots of the Podosternareae , and 
serve to attach them to rocks, are parenchy- 
matous throughout, but vascular bundles may 
be included within the emergences, as is well 
shown in the club-shaped digestive glands 
or tentacles (Fig. 119) on the leaves of the 
Sundew (Druse ra). Some emergences resemble 
in structure certain of the metamorphosed 
members of the plant body described in the 
preceding chapter ; the resemblance between 
prickles and thorns, for instance, is particularly 
noticeable. 

■Both hairs and emergences sometimes act 
as secreting organs, and are then termed 
clangs. In many cases they are concerned 
with the active exudation, and at times also 
the absorption of water. They then belong 
to the class of organs designated hydathodes 
( 6s a) by Haueklandt. Other glandular hairs 



Fio. 118. — Glandular colleter 


excrete a resinous substance. The hairs of 
Primula sinensis (Fig. 116) are in reality such 
glands, and it is from their excretions that 


from a siipuln of Viola tri- 
color, showing also a uni- 
cellular hair, (x 240.) 


the plant derives its peculiar odour. The cuticle of the terminal 
globular head is pressed away from the cell wall by the resinous 
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matter excreted from the hair, until, finally, thfe bulging cuticle 
is ruptured and the resinous secretion exudes ; the hairs of this and 


other species of Primula (especially P. obconica ) 
are capable of exciting inflammation in the 
skin of those handling them ( 50 ). The similar 
but more complicated glandular hairs of Hops 
(Fig. 117) produce a secretion called LUPULrx, 
to which beer owes its bitter taste and distinc- 
tive aroma. The secretion is set free by the 
bursting of the cuticle, the latter having been 
previously pressed out from the underlying cell 
wall as a continuous membrane (Fig. 117, B\ 
Hairs and emergences with abundant proto- 
plasmic contents occur on irritable stamens, 
perianth leaves, and pulvini, and, as Haber- 
landt ( r,s h ), showed, act as tactile papillae, hairs, 
or bristles in the reception of stimuli. In other 
cases they are not themselves irritable, but serve 
to conduct a stimulus mechanically towards the 
irritable tissue. 

The mucilaginous matter produced in young hints by 
the mucus papilla: or om.iei’ER** results from the partial 
dissolution of the cell wall under the cuticle. After the 
mucilaginous secretion has oem discharged by the ultimate 
rupture of the cuticle, another new cuticle forms over the 
continually developing cell wall, ami the process is again 
repeated. The eolleters are hut special forms of hairy 
structures, and aie often developed in buds to protect the 
young organs from drying, hy means of the mucilaginous 
modification of their ceil walls. Where the dissolution of 



Fig. lie.— Digestive gland 
from Jh'nai'ra rutmuU- 
folin. ( x 00, ) 


the cell wall is accompanied hy secretions from the underlying cells, the eolleters 


assume rather the churaeD r of glandular hairs. Such glandular collet eus are 


prevalent in tin* winter buds of trees ; in the Horse-chestnut (A esc ulus Ilippocns- 
funnm ), for example, the hud scales of the winter buds are stuck together hy a mixture 
of gum and resin, which has exuded from eolleters of this nature. The glandular 
hairs of the Pansy (Fig. 118) act in a similar manner. The emergences on the leaves 
of the Sundew (/Vosmi), described as digestive glands (Fig. 119), discharge glisten- 
ing drops of mucilaginous matter, not under the cuticle, but directly from the surface 
of the glands at the ends of the tentacles. Small animals are caught by means of 
these sticky excretions, and are afterwards digested hy tho plant. The nectaries also 
often excrete sugary solutions directly from their surfaces. In flowers these serve to 


attract insects, which effect pollination, while on other parts of the plant they are 
known in certain cases to attract ants, which protect the plant. The osmotically 
active substances in the nectar are in tho first instance derived by transformation of 
the outer cell walls or are secreted by the cells. The presence of these substances on 
the surface of the nectary attracts water from the tissue beneath, and thus leads to 
the continued formation of the nectar. 


In some of the Piperaccae and Beyoniaceae, and in some species of Ficus , the 
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epidermis is composed of several layers ; but this is of comparatively rare occurrence. 
Such a mauy*layered epidermis results from a division of the young epidermal cells 
parallel to tho$r external surface. The epidermis of Ficus clastica (Fig. 75) has three 
layers, and serves as a reservoir for accumulating water. The oystoliths of Ficus clas- 
tica, already referred to (p. 67), occur in considerably swollen epidermal cells. The 
multi-layered epidermis of the aerial roots of many Orchids, and of various Avoids, 
undergoes a peculiar modification and forms the so-called velamhn uadi cum (p. 45), 
a parchment-like sheath surrounding the roots, and often attaining a considerable 
thickness. The cells of this enveloping sheath are generally provided with spiral or 
reticulate thickenings, and lose their living contents. They then become filled with 
either water or air, depending upon the amount of moisture contained in the 
surrounding Atmosphere. These root-envelopes absorb water like blotting-paper ; 
wlion the velamen is filled with water, the underlying tissues impart a greenish 
tint to the root ; but if it contains only air the root appears wliite. The 
epidermis of fruits, and particularly of seeds, exhibits a considerable variety of 
modifications in its mode of thickening, and in the relations the thickening layers 
bear to one another. The purpose of these modifications in the epidermis becomes 
at once evident, when it is taken into consideration that, in the case of flowers and 
seeds, in addition to protecting and enclosing their internal parts, the epidermis has 
often Co provide for their dissemination and permanent lodgment. 


The Vascular Bundle System. — The primary vascular bundles 
extend in the form of strands throughout the body of the higher 
plants. In more transparent stems, sueh as those of Impatient mi- 
jlora, the bundles may be clearly distinguished and their direction 
followed. The arrangement of the bundles in leaves is apparent from 
their venation. In many parallel veined leaves the bundles are easily 
isolated. This is often done accidentally, as when, for example, in 
picking a leaf of Plantain (Plantago media) a pull is given at the same 
time. 

Special strands of tissue serving for the transport of substances 
through the plant are found in the more highly differentiated Thallo- 
phyfa ; examples are afforded by some of the Red and Brown Seaweeds 
(lihodupltficeae and Fhaeophyceae). In the Laminariaceae these con- 
ducting tracts contain elements which closely resemble sieve-tubes ( co ). 
The thallus of many Liverworts is traversed by a strand which 
resembles the nerve of a leaf. Bundles sharply limited from the 
surrounding tissues first appear in the Mosses ; they occur commonly 
in the leaves, less often in the stems. A fairly simple example of this 
kind of conducting bundle is that of the stem of < Mnium undulutum , 
which is represented in transverse section in Fig. 160. Such bundles 
reach their highest differentiation in the Polytrichaceae. In them the 
stem contains a central cylinder composed of elongated empty tubes, of 
elements resembling sieve-tubes, and of elongated cells; the three 
kinds of element serve respectively to transport water, albuminous 
substances, and carbohydrates ( 61 ). The arrangement of the tissue 
of these complicated strands is often similar to that found in the 
vascular bundles of more highly organised plants. This is a good 
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example of a striking resemblance between structures which are 
analogous but have arisen independently in the course of evolution. 

It is, however, in the Cormophytes, which possess roots, that a high 
degree of differentiation of the /ascular bundles is attained. Since 
the absorption of water is limited to the roots, the arrangements in the 
conducting tracts require to be move perfect. Two distinct portions 


VYi. 1 — Transverse KiTticm of ft vascular bundle from the intemode of a stemof Zm Main, u, King 

of an annular trachcid ; *)>, ral trachcid ; vi and m', vessels with bordered pits ; r, sieve- 
tube* : s, companion cells ; rpr, compressed protophloem ; l, intercellular passage ; vy, sheath ; 
/, cell of fundamental tissue, (x 180 .; 

can be distinguished in these vascular bundles, the TRACHEAL or 
XYLEM PORTION, and the sieve or phloem PORTION. While each 
portion may form independent strands, they are generally united in 
one VASCULAR BUNDLE (Figs. 120-122). Other terms often used to 
designate the vascular bundles are FI bro- VASCULAR bundles and 
mestome. The vascular portion is also termed the XYLEM or hadrome, 
and the sieve-tube portion the phloem or LEPTOME ( 62 ). The vas- 
cular portion contains tracheae and TRACHEIDS as most essential for 
the fulfilment of its function as a water conductor (a, sp , m, Figs. 
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120, 121), or tracheids alone, and, in addition, living, elongated 
parenchymatous cells that may be designated xylem or WOOD PAREN- 
CHYMA. In the phloem portion the most essential elements are the 
sieve-tcjbes (v), which serve for the conveyance of albuminous matter. 
They are always accompanied by other living cells ; either by the so- 
called COMPANION CELLS (s), or in addition by elongated parenchy- 
matous cells, or by the parenchyma alone. The companion cells are 
sister cells of the sieve-tubes, for both have arisen by longitudinal 
division from the same mother cell. The companion cells are not so large 



Fid. m. — Longitudinal suction of a vascular bundle from the stem of Xvn Main, a, and a', lliugs of 
an annular tracheid : v, sieve-tubes; s, companion cells; op, protophloom ; 1, intercellular 
passage ; ivjr, sheath ; sp, spiral traclieids. (x 180 .) 


as the sieve-tubes, and may be distinguished from them by their more 
abundant protoplasmic contents, and especially by the fact that they 
retain their nuclei, while the nuclei of the sieve-tubes soon disappear. 
In Monocotyledons (Figs. 120, 121), and in the lianuncvlaceae among 
the Dicotyledons (Fig. 122), the phloem consists solely of sieve- tubes 
and companion cells ; in the other Dicotyledons parenchymatous 
elements are also present, and these are accordingly distinguished \ as 
phloem or sieve parenchyma; no companion cells are found’ in 
Uymnosperms and Ptcridophytes, and in addition to sieve-tubes* the 
phloem contains only phloem parenchyma. 

The bundles of the Phanerogams (Gymnosperms and Angiosperms) 
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are generally collateral in sti icture, that is, the xylem and phloem 
are in contact on one side only. In stems the most usual arrangement 
of the two portions of a collateral bundle *3 that in which the xylem 
lies nearest the centre ; in leaves the xylem portion lies nearer the 
upper, and the phloem portion nearer the lower surface. Closely 
allied to the collateral type is the bicollateral type of bundle. In the 



Fin. 12 l\— T ransverse .scctmn of a vascular bundle from a stolon of Ranunculus repens, k, Spiral 
tracheitis; m, vessel with bordered pits ; c, camhiuin ; r, sieve-tubes ; eg, sheath, (x 1*0.) 


latter the xylem is accompanied by phloem on each side, both on the 
outside and inside. Such bicollateral bundles are characteristic of the 
Cucurbitaceuc, but occur also in several other families of Dicotyledons. 
The xylem and phloem of roots generally form separate strands (Fig. 
123, s, r), and in that case the arrangement of the vascular portion is 
somewhat altered ; for, while in stems the narrow vessels of the 
xylem are nearer the centre and the wider nearer the circumference, 
in roots this order is exactly reversed. 
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The vascular* bundle strands of the Pteridophyfces (Fig. 124), 
although usually termed concentric bundles, cannot be compared 
with the hingle vascular bundles of the Phanerogams, but correspond 
rather to an aggregated complex of such bundles. The centre of such 
a vascular bundle strand consists of tracheids (qi), and also, in special 
instances, of tracheae (sc). These elements show typical scalariform 
markings, and only the very smallest are spirally thickened (sp). The 
xylem parenchyma (Ip) surrounds the tracheal elements, while both 
are encircled by phloem consisting of sieve-tubes (v) and phloem 
parenchyma (s). 

Such vascular bundle strands occur in the Ferns and Selaginellaccac, and also 
in the Lycopodiaceac, where they exhibit even a greater degree of coalescence. In 

f jie Equisetacem the vascular bundles correspond more nearly to the collateral bundles 
F the Phanerogams. 


The vascular bundles are developed from strands of meristcmatic 

tissue which are called rROCAM- 
e p ■ / f v bium strands. If the whole 

\ / / meristcmatic tissue of a procam- 

/rO bium strand is exhausted in this 

7 \ process, the finally -developed 

A vascular bundles are said to be 
closed ; but if any of the meri- 
stematic tissue remains in an 
undifferentiated condition be- 
M tween the xylem and phloem 

portions, the bundles are spoken 

of as open. The Pteridophytes 

£3$/ 9 have, almost without exception, 
closed bundles ; in Monocoty- 
0 ^^ 552 / ledons also the bundles are 
O always close d (Fig. 120); Gym- 

,. J0 ^ nosperms and Dicotyledons, on 

1*23. — Transverse section ot central portion of . 1 * 7 7 

he root of A corns Calamus. m, Medulla; s, the contrary, have open bundles 

rirljiin * . ... . .. . /T t ctct\ rTTI EETETij. J. 1 _ 






Kio. 1*23. — Transverse section of central portion of 

the root of Acorns Calamus. m, Medulla; s, the contrary, have open bundles 
xylem; r, phloem; p, pericycle ; e, ondodermis ; (Fjg, 122). The mS Stematic 
cortex, (xoo.) tissue which remains undiffer- 

entiated between the xylem and phloem portions of a bundle is called 
the cambium (Fig. 122). 


In those portions of plants which still retain an energetic vertical growth, the 
proenmhium strands rernaiu undifferentiated, except at defiuite points, where single 
rows of cells lose their mcristematic condition and form narrow, annular, and sj>iral 
vessels and sieve-tubes, or sieve-tubes and companion cells, the structure of all of 
•which is of such a nature as to render their elongation possible. Such primary 
vascular elements are termed photoxylem ; while the corresponding sieve elements 
are in like manner designated imiotophloem. The protoxylem occupies the inner- 
most, the protophloem the outermost side of a procambium strand, from which a 
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collateral bundle is eventually formed After the \ertical growth of any part of a 
plant ceases, the differentiation of the procain biuni strand into a collateral vascular 
bundle is continued from the inner and outer sides of the strand toward the centre. 

In fully-developed vascular bundles the protoxylem and protophloem cease to 
perlorm their functions. The protoxylem elements become compressed and ruptured 
by the tension .esulting from the continued vertical growth ( a and o', Fig. 121), so 
that in their stead a lysigenie intercellular space is often formed (Figs. 120, 121). 



Fee 1-4. — Transverse section of »h« vascular-bmnlle cylinder of the petiole of I'teris (u/uilina. 
sc, Sealarifnrm \esw*ls; xp, protoxylem ; sr M , part of a transverse wall showing Hculariform 
perforations ; Ip, xylem parenchyma ; r, sieve-tubes ; pr, protophloem ; j>p, starch layer ; 
r, endodermi.s ; \ phloem parenchyma. (x *240.) 

The protophloem elements (cf. Figs. 120, 121) at the same time become disorganised, 
and their sieve-plates closed by a covering of callus. 

In accordance with the orientation of the xylem, the protoxylem of roots is found 
on the outer, not on the inner side of the vascular strands (Fig. 123). 

The Terminations of the Vascular Bundles. — In leaves, particu- 
larly in the deciduous leaves of Angiosperras, the vascular bundles 
become much branched until finally they are reduced to extremely 
fine strands. In the leaves of Gymnosperms this branching of the 
bundles does not usually take place, but instead, a single vascular 
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bundle frequently runs throughout the whole length of the leaf. The 
vascular bundles of the reticulate-veined leaves of Dicotyledons illus- 
trate the most extreme form of branching. 

The fine distribution of the bundles in the leaf-lamina facilitates the regular 
conduction of water to all parts of the leaf-tissue, and at the same time renders 
easier the removal of the assimilated products. An extended distribution of 
the bundles in the leaves is thus evidently of advantage to a plant. In the same 
degree as the ramifications of the vascular bundles are continued, the bundles 
themselves become attenuated and simpler in structure (Fig. 125). The vessels first 
disappear, and only spirally and reticulately thickened tracheids remain to provide 
for the water conduction. The phloem elements undergo a similar reduction. In 
Angiosperms, in which the sieve-tubes are accompanied by companion cells, the. 
sieve-tubes become narrower, whilst the companion cells retain their original 
dimensions. Finally, in the cells forming the continuation of the sieve-tubes, the 
longitudinal division into sieve-tubes and companion cells discontinues, and 
transition cells are formed ( 63 ). With these the sieve-tubes terminate, although 
the vascular portion of the bundles still continues to be represented by short spiral 
tracheids, until finally they too disappear, either terminating blindly or anastomos- 
ing with other vascular bundles. 


The Fundamental Tissue System usually forms the principal part 
of the primary tissues of the body of a plant. The whole tissue of 

the lower plants, as it shows no in- 
ternal differentiation, may, in a certain 
sense, be considered fundamental tissue. 
The other tissues have gradually been 
developed from the fundamental tissue 
in the course of phylogenetic develop- 
ment. The fundamental tissue in the 
higher plants is enclosed by tegu- 
mentary tissue, and traversed by the 
vascular bundle system. While the tegu-^ 
mentary tissue protects the plant ex ter- ( 
nally, and the vascular bundle system? 
performs the office of conduction, and* 
also of mechanically strengthening the? 
plant, the duty of providing for the 
nutrition of the plant and of storing 
reserve food material falls chiefly to 
the fundamental tissue. The funda- 
mental tissue consists, therefore, for 
.’ftscwiar the most part of parenchymatous cells 
" containing chlorophyll, at least to 
such depth as the light penetrates ; 
but internally, and wherever the tissues are so situated as to be 
unaffected by the influence of the light, a colourless parenchyma is 
found. The fundamental tissue system also takes part in providing 



Fiu. 125. — Termination of 

bundle in a leaf of ItxpaUem purvi 
Jfonr. (\ 240.) 
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for the mechanical .rigidity , plants, and in connection with this 
function it possesses collenchyma (Fig. 74, c) and aclerenchyma as its 
special mechanical tissues. The COLLENCHYMA is unlignified and very 
elastic, and thus fitted for stretching ; it is the form of mechanical 
tissue suitable for those parts of plants still undergoing growth in length. 
The sclerenchymatous fibres, on the other hand, are formed after 
growth in length has ceased, and sclereids (p. 71) arise even later. The 
elongated cells of the fundamental tissue also perform a certain share 
of the work of conduction, and are specially active , in the transport of 
carbohydrates. Secondary or waste products, resulting from chemical 
changes, are also deposited in special cells of the fundamental tissue. 
Consequently idioblasts (p. 71), containing crystals or rows of crystal- 
containing cells, are often met with in the fundamental tissues, together 
with cells, tubes, cavities, or canals containing tannin, gum, resin, 
ethereal oils, latex, or alkaloids. Such waste products are for the 
most part deposited near the surface of a plant, in order to serve as a 
defence against destructive animals, or that they may afterwards be 
thrown off along with the superficial tissue. Cells containing these 
waste products, particularly crystal cells and latex tubes, are often 
found, therefore, accompanying the phloem portion of the vascular 
bundles. 

The Aroiffoae , Nymphatacrar^ did several other plant families possess a peculiar 
form of idioblasts, the so-called internal hairs, which project into the intercellular 
spaces of the fundamental tissue. In the wide intercellular passages of the leaf and 
flower stems of the Water-Lily these idioblasts are stellate in form. Their walls are 
strongly thickened, and provided with short protuberances in which small crystals 
of calcium oxaiate are deposited. 


The Distribution of the Primary Tissues (M) 

In the body of multicellular plants a distinction between an outer 
small-celled and firm tissue and an inner large-celled looser tissue soon 
becomes apparent. The outer tissues are best adapted for protection, 
the inner for conduction and storage. The cells of the inner tissues 
accordingly become elongated for the purpose of conduction. The 
outer tissues in plants, which must provide independently for their 
own nourishment, contain chromatopliores fitted for assimilation, and 
are correspondingly coloured, while the inner tissues remain colourless. 
The outer portion of the fundamental tissue thus differentiated is 
called the cortex, the inner the medulla or pith. An epidermis, 
distinguishable from the cortex, is found in some of the Mosses, but 
a sharp distinction between these tissues is first found in the more 
highly organised plants. 

In the Stem of a Phanerogamic plant there is an outer skin or 
epidermis (Fig. 127, e) on the external surface; then follows the 
PRIMARY CORTEX (Figs. 126, 127, pr ), and internal to this the so-called 
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central CYLINDER, for which Van Tieghkm has proposed the name 
stele (column). The innermost layer of the primary cortex, which 



Pm. 1 2d. —Transverse section of an internode of 
the stem of Zm Main, pr, Primary cortex ; 
jm\ pericycle; rv, vascular bundles; »/<•, funda- 
mental tissue of the central cylinder, (x 2.) 


may be designated by the term 
PHLOEOTERma, is for the most part 
not distinctly differentiated, but 
can be recognised in the aerial 
stems of land-plants as a starch- 
sheath ; while in the rhizomes of 
land -pi ants and in the stems of 
water-plants it forms the endo- 
i >EltM l s. Differentiated as a starch- 
sheath (Fig. 127, $t), the phloeo- 
terma is rendered conspicuous by 
the quantity of starch contained 
in its cells ; when developed as an 
endodermis, portions of the lateral 
walls of its cells become suberised. 
In a cross- section these suberised 
portions of the cell walls of the 
endodermis appear as dark spots 
(Fig. 128), but in a tangential sec- 


tion as sinuous lines. The STELE or CENTRAL cylinder of the stem 


contains vascular bundles (cv), which, in the Eiprisetaceae and some 


other Ptoridophytes, as well 
as in the (Jymnosperms and 
Dicotyledons (Fig. 127), are 
arranged in a circle, whereas 
in Monocotyledons (Fig. 120) 
they are irregularly distributed. 
In all these cases the xylem por- 
tion of the vascular bundle is 
directed towards the centre, and 
the phloem portion away from 
the centre of the stem. That 
part of the peripheral tissue 
of the central cylinder lying 



to the outside of the bundles 


Jjt 


is Called the PEllKAOLE (pc). p lf . i*>7. — Part of a transverse section of a young 
If the bundles are arranged stem of Aristolochia Sipho. e, Epidermis; pr, 

in a circle (Fi‘ v . 127) that P ri,1MU T cortex; *t t starch -sheath; r, central 

- u ' 0 ’ i , cylinder ; pe, pericycle, in this case with a ring of 

part 01 the central cylinder sclereuchyma fibres ; «*', phloem, ami rr", xylem 

enclosed by them is the portions of the vascular bundle ; rh, cambium 

PITH or MEDULLA (m), and medulla; 1,rimary me,luIlur * v »*• 

the tissue between the differ- 


ent bundles the primary medullary rays (ms). In the case 
of scattered bundles (Fig. 126), a distinction between medulla and 
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medullary rays is no longer possible, an<Jj^$fce -whole tissue sur : 
rounding the bundles must then be considered & corresponding to the 
primary medullary rays. The division of the tissue systems iti the 
stems of the higher plants into epidermis, primary cortex, and central 
cylinder, brings with it a corresponding division of the fundamental 
tissue into the fundamental tissue of the primary cortex and the 
fundamental tissue of the central cylinder. Wherever there is no 
sharp t Jpstinction between primary cortex and central cylinder, com- 



Fm. 128.- -Transverse section of an adventitious root of Allium O pa, v, Primary cortex ; e, endo- 
dennis ; p, pericycle ; «, annular tracheids ; ftp, spiral tracheids ; sc and sc*, scalariform vessels ; 
v, phloem. ( x 240.) 

parative investigation alone can determine whether a tissue belongs to 
the primary cortex or to the central cylinder. 

Although the fundamental tissue of the primary cortex is pre-eminently a 
chlorophyll-containing tissue, portions bordering on the epidermis frequently become 
converted, for mechanical purposes, into strands of collenchyma or sclerenchyma. 
Such a mechanical tissue, which serves to strengthen the epidermis, is known as a 
hypoperma. Of the tissues composing the central cylinder, the pericycle, the 
primary medullary rays, and medulla consist of fundamental tissue, and are chiefly 
composed of colourless parenchyma. A part, however, of the tissue of the pericycle 
may become sclerenchymatous (Fig. 127, pc) ; sclerenchym&tous elements also often 
surround individual bundles as sheaths, or accompany the phloem portion on the 
form of strands (Figs. 120, 122). Whenever such a sheath of sclerenclfPna is 
developed about a bundle, it is always interrupted on both sides of the bundle, at 

I 
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the junction of the xylem and phloem portions, by parenchymatous cells, or by cells 
which are only slightly thickened and Jignified. These, cells fecilitate the, exchange 
of water and food material between the vasonl^r bundles and the fund amen taljissue, 
and are spoken of as transfusion strands, 

In the case of ^nanerogams We central cylinder is simple and occupies a more 
or less central position. In some few instances, however, it breaks up into several 
partial cylinders or schizosteles. Such schizosteles are found in the stems of 
Auricula and Ghinnera. The tissue that surrounds and separates these central 
cylinders corresponds to the primary cortex. 

The vascular bundle strands (p. 108) of the Pteridophytes are also to be regarded 
'is schizosteles. In the stems of Ferns they are usually separated from one another 
(Fig. 129) and situated in the fundamental tissue belonging to the primary cortex. 

This is also the case in the Selaginellas. In 



* 


Kin. 12$).— Transverse section of the rhizome 
of rteris nquilimt. s, Vascular bundle 
strands (schizosteles); l, selerenchymatous 
plates ; Ip, peripheral zone of sclerenchy- 
rnatous Ubres ; II, cortex ; e, epidermis. 
(x7.) 


Lycopodium (Fig. 130), on the contrary, the 
schizosteles become united into a single 
central cylinder. 

Among the Ferns, also, Osmunda rcgalis 
has a single central cylinder, but this must 
not be regarded as derived from the fusion 
of several steles such as most ferns possess. 
It rather corresponds to a single cylinder 
occupying a central position in which a 
parenchymatous pith has originated within 
the vascular tissue. Parenchymatous rays 
also extend from this pith and divide the 
vascular tissue into a number of portions 
arranged in a single ring ; the structure of 
this stele thus indicates the way in which 
a ring of collateral bundles can arise from 
a solid stele. According to Zenetti ( 60 ) 
a continuous zone of phloem is present 
in Osmunda to the outside of the separate 
groups of xylem ; in the Kquisetaccac (Fig. 
348), on the other hand, the medullary 


rays extend through the phloem. Thus 
the latter plants possess a typical ring of separate collateral vascular bundles, such 
as is found in Gymnosperms and Dicotyledons. 


In Roots, the division between primary cortex and central cylinder 
f is sharply marked by the endodermis, into which the innermost layer 
of the primary cortex is usually transformed (Figs. 123, 128, e). The 
‘ c entr al cylinder, becomes completely shut off from the primary corte-x 
f by the suberisation of the lateral walls of the endodermal cells, 

: and by their close and uninterrupted contact. While, by this means, 
the passage of gases from the intercellular spaces of the cortex into 
the central cylinder, and the consequent obstruction of the water- 
channels, arc prevented, the passage of water from the cortex to the 
central cylinder can, at the same time, go on unhindered through the 
unsuberised inner and outer walls of the endodermal cells. In this 
j manner it is possible for the water, absorbed from the soil by the root- 
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hairs or by the surface of the roots, to be transferred to the tissues of 
the central cylinder. In the older parts of the roots, which no longer 
absorb water from the soil, the cells of the endodermis become greatly 
thickened, but generally on one side onl/. Should the thickening 


VI 



Khj. 130.— Transverse, sod ion of stem of L pro] wi imn autiplnmtnni. <>p, Epidermis; tv, vi, pp, outer, 
inner, mid innermost parts of tlio primary cortex, surrounding tli<» central cylinder ; sc, smlari- 
form traeheids ; sv, annular and spiral traoheids ; t\ phloem. (x 2*5.) 

odcur at an early stage, then special endodermal cells, directly external 
to the xylem strands, remain un thickened and serve as TRANSFUSION 
cells (Fig. 131,/). 

While the root-hairs are as a rule developed from the cells of the epidermis, they 
may, in ease the epidermis is thrown off with the root-cap, arise from the outer- 
most cortical layer, which then assumes the functions of an epidermis. In any case 
the epidermis ultimately disappears, and the outermost cortical layer becomes 
cuticularised and, as an kxudeiimis, takes its place. In aerial roots the epidermis 
may become converted into a many-layered tracheidal hoot-sheath (p. 104). 

The primary cortex of Roots is composed of colourless tissue, 
which, with few exceptions, consists wholly of parenchyma. Although 
the cells of the outer layers of the cortex are uninterruptedly 
in contact with one another, the inner layers are often provided 
with intercellular air cavities or passages. The outer layer of cells 
(Figs. 123, 128, 131, p) of the central cylinder OF roots often 
forms the peri cycle (peri cambium) ( 60 ) ; this usually consists of a 
single layer of cells, but may be many-layered or entirely absent. 
The xylem and phloem portions form separate strands (p. 107), 
radially disposed and alternating with each other (Figs, 123, 128). 
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It has already been shown that the narrowest elements of the 
vascular strand ar% outermost. Roots are described as diarch, triarchy 
polyarch, according to the number of the radiating vascular strands. 

For example, the roots of A corns Cala- 
mus (Fig. 123) are octarch, those of 
Allium Cepa (Fig. 128) hexarch. The 
vascular strands may either meet in 
the centre (Fig. 128), or they may 
surround a central pith (Fig. 123). 
Like the corresponding tissue in the 
stem, the fundamental tissue between 
the xylem and phloem strands may 
be termed primary medullary ray 
tissue. 

The Leaves are composed oil funda- 
mental tissue (which is here termed 
mesophyll), bounded by an epidermis 
and traversed by vascular bundles. 
Sheaths are present around the bundles, 
Fio. 181.- Part or a tmimveim*, section of extending to their fine terminations. 

a root of Ins Jhrenhna, e, Endodermis, ° . * 

showing coii wails thickened on one -tile cells composing these mesophyll 
side ;/, transfusion cell ; p, perieyeie ; sheaths are as a rule elongated and 
(V‘240.)" 1 ' VeWlt1 * °f xylf!" 1 : ^ cortex. ^ separated by interce l lular spaces. 

Resides limiting the vascular bundles 
from the mesophyll, the sheaths perform the important function of 
conducting soluble carbohydrates from the leaf to the stem. * The 
larger vascular bundles are usually accompanied by strands of scleren- 
chyma; these disappear from the finer branches. Other strands of 
sclerenchyma not connected with the vascular bundles may also occur 
in the mesophyll and contribute to the rigidity of the leaf. 

Tlic mesophyll passes into the primary cortex of the stem, while the vascular 
bundles are continuous with the central cylinder. Thus in the leaf, tissues corre- 
sponding to the cortex and central cylinder of the stem remain distinct from one 
another. 



The mesophyll of the coloured floral leaver of the Angiosperms 
usually consists of a somewhat loose tissue, containing intercellular 
spaces and traversed by vascular bundles. The laminae of many assi- 
milating foliage leaves, especially of shade-loving plants, may have 
a similar uniforrft structure ; but they are usually more complicated, 
and exhibit a difference in the structure of their upperand lower 
sides (Fig. 132). They are, accordingly, dorsiventral, and, in corre- 
lation with this difference in structure, their two surfaces react 
differently toward external influences. In such dorsiventral structures 
the upper epidermis is succeeded by one or more layers of cylindrical 
parenchymatous elements elongated at right angles to the surface, and 
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known as the palisade cells. These are especially rich in chlorophyll, 
and have only small intercellular spaces. Adjoining the palisade 
parenchyma, and extending to the epidermis (ep") on the under surface 
fcf the leaf, is a loose tissue called the spongy parenchyma. In contrast 
to the palisade cells, the ceils of the spongy parenchyma are less 
abundantly supplied with chlorophyll ; they are also much more 
irregular in shape, and enclose large intercellular air-spaces. The 
palisade cells are elongated in the direction in which the rays of 
light penetrate the leaf-lamina, and by this means are particularly 
adapted to their special function of assimilation. The spongy paren- 
chyma, on the other hand, is arranged to facilitate the free passage of 
gases, and to that end develops large intercellular spaces in direct 



with crystal a^rc^aii* ; stoma. 3(>0.) 

communication with ihe stomata of the under epidermis. Haber- 
landt (* 57 ) has estimated that to every square millimetre of surface 
in a leaf of Ricivux communis there are, in the palisade cells, 403,200 
chlorophyll granules ; in the cells of the spongy parenchyma only 
92,000 ; that is, 82 per cent of all the chlorophyll granules belong to 
the upper surface of the leaf, and only 1 8 per cent to the under side. 
The palisade ceils are often arranged in groups, in which the lower 
ends of the ceils of each group converge (Fig. 132). In this wav several 
palisade cells come into direct contact with a single expanded ftll of the 
spongy parenchyma, which thus functions, apparently, as a collecting 
cell for a group of palisade cells. The products of assimilation are 
passed on from the collecting cell through the spongy parenchyma, 
to be finally carried to the mesophyll sheath surroundiug the vascular 
bundles. 

At the base of the lamina the tissues close together and pass into 
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the leaf petiole. The dorsiventral structure of the leaf becomes less 
evident in the petiole; the cells become more elongated, either for 
the better performance of their conductive functions, or to enhance 
the mechanical rigidity of the tissue. In Angiosperms the partial 
cylinders of the leaf, usually an odd number, and each containing a 
single vascular bundle, arrange themselves in regular order as they 
pass through the petiole, and frequently form a bow-shaped figure, 
opening upwards. On entering the stem the vascular bundles of the 
leaf join the vascular bundles of the central cylinder ; the fundamental 
tissue of the leaf-cylinders becomes, similarly, united with the corre- 
sponding tissue of the central cylinders. In the petioles of Ferns, the 
pai|i&l cylinders are accompanied, as in the stem, by sclerenchymatous 
fibres. It is the peculiar arrangement of these brown-walled scleren- 
chymatous plates which forms the double eagle apparent on cross- 
sections of the petiole of Pteris aqidlina , and from which it derives its 
specific name. 

In certain families of the Dicotyledons, particularly in the Crassulciceae , the 
mesophyll of the leaf-lamina forms peculiar masses of tissue called the etithkme 
between the swollen terminations of the bundles and the epidermis. The cells of 
tho cpitheme are small and, for the most part, devoid of chlorophyll ; they are full 
of water, and joined closely together, leaving only very small interspaces, which are 
.filled with water. The epithemes serve as internal liydatliodes (cf. p. 102) for the 
discharge of water, in most cases by means of water-pores (p. 99) situated immedi- 
ately over them. 


The Course of Vascular Bundles ( C8 ). — The bundles maintain a 
definite course and arrangement within the body of a plant. It is. 
sometimes possible, by maceration, to obtain preparations in which the 
course taken by the bundles may be followed. Similarly, by allowing 
a leaf, stem, or flower to lie in water until it has become softened and 
disintegrated, a skeleton formed by the more imperishable vascular 
system may be obtained. 

Vascular bundles which pass from a leaf into a stem, and continue 
for a distance in a distinct course, are called leaf-traces. The leaf- 
traces may be composed of one or more vascular bundles, and are 
accordingly distinguished as one -strand or many -strand leaf -traces. 
Sometimes a single vascular bundle becomes branched, and so appears 
to be composed of more than one bundle. Eventually, however, each 
bundle coalesces with another entering the stem from a lower leaf. 
The arrangement of the bundles in a stem varies according to the 
distance and direction traversed before the coalescence of the bundles 
takes place. A relatively simple bundle arrangement may be seen 
in the Eqnisetiumv. In this family the leaves are arranged in alter- 
nating whorls. From each leaf a one- strand leaf -trace enters the 
stem ; at the next lower node each bundle bifurcates, and each half 
coalesces with the bundles entering the stem from the leaves of that 
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node. This arrangement of the bundles may be shown diagrammatic- 
ally, by representing the bundles as if on the surface of an unrolled 
cylinder, so that they all appear in one plane. This is shown in 
Fig. 133, and the connections of the bundles of the lateral branches 
with the bundles of the parent stem are also shown (g). As the 
branches, in the case of the Equhetawae , alternate with the leaves, 
their bundles on entering the stem are between two leaf-traces of the 
same node, and at once become fused with the leaf-trace which has 
come from the leaf immediately above them in the next higher node^ 
The arrangement of the bundles in the Yew 
(Taxus baccata ), although its leaf -traces have only 
one bundle, is much more complicated (Fig. 

134), for the bundles maintain a distinct course 
throughout twelve internodes before coalescing. 

Each bundle at first descends in a straight 
direction through four internodes ; it then curves 
to the side to give place to a newly-entering 
leaf-trace, with which it finally coalesces at the 
twelfth internode. The position of a leaf neces- 
sarily determines the point of entrance of its 
leaf-trace into the stem, and accordingly a dia- 
gram (Fig. 134) of the bundles of Taxus will 
exhibit a divergence of the leaf- trace corre 
sponding to the /*., divergence of the leaves. 

The course taken by the leaf-traces in the stem, 
however, is independent of the leaf position, and 
varies considerably in different stems, although 
the divergence of their leaves may be the same. 

The traces of the axillary buds of most Gymnosperms and Dicoty- 
ledons tend to enter the shoot as two united strands which insert 
themselves on the corresponding leaf-trace. 

As a general rub*, the leaf -trace bundles in Gymnosperms and 
Dicotyledons arrange themselves in a circle in the stem. There 
are, however, Dicotyledons % in which the vascular bundles form 
two (Phytolacca dioica , Piper) or more circles ( Amarantus , Papaver , 
Thalidrum). In such cases the inner circle is usually more or less 
irregular. 

In the stems of Monocotyledons (Fig. 126) the vascular bundles 
are scattered, and without any apparent regular order. Their irregular 
arrangement is due to the varying distances to which the/mndles of the 
leaf-traces penetrate into the central cylinder of the stem. A common 
arrangement of the bundles in monocotyledonous stems is that of the 
so-called Palm type, in which eacli leaf-trace consists of the numerous 
bundles which pass singly into the stem from the broad leaf-base. The 
median bundle penetrates to the middle of the stem. The depth to 
which the lateral bundles penetrate varies with their remoteness from 
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Fig. 133. — Diagram showing 
the course of the vascular 
bundles in the stem of 
Kyiiiwt nvi arvniw. y. 
Fusion of vascular 
bundles of the lateral 
shoots with thoso of the 
parent shoot. 
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the median bundle*. In their descending course the bundles gradually 
curve outwards*,, and finally join other bundles near the periphery of 
the stem. The number of internodes, therefore, through which a bundle 
passes before coalescence is variable; the median bundle, however, 
continues distinct for the longest distance. The deeper penetration 
and greater length of the median bundle become apparent in a median 
longitudinal section of such a stem (Fig. 135). The bundles entering 



Fid. 184.- Diagram showing the course of the vascular bundles in a shoot of Taxus baccata. 


the stem from axillary shoots pursue a similarly curved course to those 
entering from leaves. 

In addition to the leaf-trace bundles or common bundles, which 
are common to both leaf and stem, there are others, called cauline 
bundles, which belong solely to the stem, and again others, foliar 
BUNDLES, which, on entering the stem from the leaf, at once coalesce 
with other bundles and have no independent existence in the stem. 
The bundles of the Pteridophytes are continued as cauline bundles in 
the stem, and those from the leaves join on to the bundles of the 
stem. 
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The stems of many Dicotyledons (Begonia, Aralia) in addition to leaf- traces 
possess cauline bundles, which are suuated in the pith within the ring of leaf- 
trace bundles of the internodes ; while the arrangement of the bundles at the 
nodes is more complicated, as the cauline bundles then branch and are connected 
with the leaf- traces. 


Within the central cylinder of roots, the xylem and pljoem strands 
pursue their vertical direction without deviation. If the changes 

occurring in the arrangement of the vas- fi 

cular bundles, during their passage from xj S' 

the hypocotyl (p. 4i)) into the root, be f 

followed in a seedling, it will be found ' 

that the xylem and phloem portions of col- 3 j I ^ sm 

lateral bundles separate from one another, \ / A' 

and at the same time the xylem portions \ / | 

twist through an angle of 180°, so that j / / 

their inner sides become turned outwards. /I 

The separation of the xylem and phloem zrn | j \ z 

may be accomplished without any further fi x/ \ l 

division of the bundles, the xylem and j J 

phloem portions of which then simply arrange ! j ) \ 

themselves side by side ; or it may be ac l \ I 

companied by a complete radial division of 7 x l, / / i jx" ,m 

the phloem, and a subsequent coalescence j] / / ^ H 

between the parts of the phloem of different ;// / / \ 

bundles. I! / \ \ 

A Special Form of Growth in Thick- \ \\ 1 

ness of the Stem by means of the Con- Fl<J MhowlII(C the 

tinued Enlargement of the Fundamental course of the vancular lmnd lew 
Tissue. — This is often exhibited by Palms. of Monocotyledons of the Palm 

-p, /<!0v , , , . ,| . type, with alternating, two* 

ET(RfIiKR( ) has sllOWIl that the growth in ranked aiupleximul leaves. The 
thickness is solely due to the continued nundmrM indicate the miqucnco 
expansion of the already existing cells ^^ , |^^Anv , ) 1,ie<llttU lmf “ fll€, “ 
of the fundamental tissue of the central 

cylinder. In this process, by the expansion of the cell lumen and 
increased thickening of the walls, the strands of sclerenchymatous 
fibres accompanying the vascular bundles on their phloem sides also 
become greatly enlarged. In this form of growth in thickness no 
new elements are formed. 

Enlargement due to Continued Cell Divisions in the Fundamental 


Fio. i:r>. — Diagram allowing the 
course of the vascular bundles 
of Monocotyledons of the Palm 
type, with alternating, two* 
ranked anipleximul leaves. The 
nurnlxTs indicate the sequence 
of the leaves ; in, inediuu bundle. 
(After Da Hahy.) 


Tissue. — This is seen most strikingly in the growth of the fruits of 
many Angiosperms. In their development from the small rudiment 
in the flower there may be a great increase in size, although no new 
meristematic tissue has been formed. The growth is due to repeated 
divisions in the epidermal cells and in those of the fundamental tissue. 
The tissue thus produced may when mature be then walled, or its cells 
may undergo various changes in form and in the thickness of their walls. 
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The Secondary Tissues ( 70 ) 

Through the activity of a cambial tissue, functioning either as a 
primary or secondary meristem (p. 95), secondary tissues are added 
to the previpusly existing primary tissues, or even substituted for 
them. Although, phylogeneticallv considered, secondary tissues seem 
to have been developed first in the Pteridophytes in forms now only 
known in a fossil condition, Calamarieae , Sigillarieae , Lejpidodendm, they 
arc now only of general occurrence in the Phanerogams, and in them 
the formation of secondary tissues is almost exclusively confined to 
the roots and stems. 

Growth in Thickness of the Stem in Gymnosperms and Dicoty- 
ledons. — The cambium of the open vascular bundles of Gymnosperms 
and Dicotyledons, wh,ich exhibit a growth in thickness, commences its 
activity almost directly after the formation of the primary tissue. 

The cambium or primary meri- 
stem remaining between the 
xylern and phloem portions of 
the bundles consists of only a 
few layers of thin -walled cells 
full of protoplasm. Of these 
cambial layers the middle one 
is termed the INITIAL LAYER • 
and from it proceeds the de- 
velopment of new tissue elements. 
Its activity consists in a con- 
tinued division by means of tan- 
gential and occasionally radial 
walls. The new cells thus con- 

Fiu. 130. —Transverse section of a stem of Aristo - tillUOUsly given oft toward the 
inchw. Siphn 5 mm. in thickness, m, Medulla ; xylem and phloem sides of the 

/<*, vascular bundle; rl, xylem ; cb, phloem ; fr, v it • 

fascicular cambium; ifc, interfascicular cam- OUIlQiCS CXpCI IGnce another tan- 
bium; p, phloem parenchyma; pc, pericyele ; gential division before attaining 

* k > rll, K of wloreiicliyma; c, starch- sheath ; tb e ir definite form as clpmcnts 

c, primary cortex; cl, eollenchyina in primary uennite I0 ™ as elements 

cortex, (x i*.) ot the xylem or phloem portions. 

The vascular bundles of Gymno- 
sporms and Dicotyledons capable of secondary growth aro usually 
arranged in a circle. After the cambium in the bundles begins 
its activity, a zone of tangentially dividing tissue, called the INTER- 
FASCICULAR cambium, develops in the primary medullary rays be- 
tween the original bundles, and, uniting with the cambium in the 
bundles, forms a complete cambium ring. This cambium ring 
is thus composed of two distinct forms of meristematic tissue; 
for while the cambium of the bundles or the fascicular cambium 
consists of primary meristem (p. 95), the connecting zone of inter- 
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fascicular cambium is of later development, and is consequently 
a secondary meristem (p. 95). A cross-section of a young stem of 
Aristolochia Siplio , with the cambium ring in process of forma- 
tion, is represented in Fig. 136 : in Fig. 137 a single bundle of 



Fio. 137.— -Transverse section of a stem of Arixtolvchi" Sipho in the first year of its growth, showing 
a vascular bundle with cambium in active division. }>, Vascular parenchyma ; vlj), proto- 
xylem ; m' and w", vessels with bordered pits ; ic,s interfascicular cambium in continuation 
with the fascicular cambium ; i\ sieve-tubes ; diji, protophloem ; pc, pericycle ; sk, inner part 
of ring of sclerenchymutous llbres. ( x 130.) 

the same cross-section, more highly magnified, shows the fascicular 
cambium in a condition of active division. Within the bundle may be 
seen two large vessels ( m "), in a still incomplete state ; while in the 
adjoining fundamental tissue the cells which give rise to the inter- 
fascicular cambium may be plainly distinguished. All the tissue 
arising from the inner side of the cambium ring goes to form the 
wood, while that produced on the outside is termed bast. The 
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"vascular portions .of the wood form the wood strands, the sieve 
portions within 'Hie bast the bast strands. By the activity of the 
interfascicular cambium, the primary medullary rays are continued 
throughout both the wood and bast. As the wood and bast strands 
•enlarge, secondary medullary rays are developed from the fasci- 
cular cambium. In one direction the secondary medullary rays 
terminate blindly in the wood, and in the other in the bast ; the 
later they develop, the less deeply they penetrate the tissues on either 
side of the cambium. 



Vu». 138. — Portion of a four-year-old stem of the Pine, Pinus sylmstri * , cut in winter. 7, Trans- 
verse view ; radial view; t, tangential view; /, early wood ; s, late wood; m, medulla; p , 
protoxylem ; 1, 2, 3, 4, the four successive annuul rings of the wood ; <, junction of the wood 
of successive years ; ms, ms', ms”', medullary rays in transverse, radial, and tangential view; 
ms", radial view of medullary rays in the bast ; e, cambium ring ; b, bast ; h, resin canals ; hr, 
Iwirk external to the first periderm layer, corresponding to the primary cortex, (x (>.) 

sometimes used to designate the medullary rays, which in fact arc composed almost 
exclusively of parenchymatous tissue. The cells given off by the initial layer of the 
cambium for the formation of medullary rays do not undergo a further division, as 
in other cases, but assume at once the character of medullary ray cells. 

The cambium cells have, for the most part, the shape of right-angled prisms, of 
which the radial diameter is smaller than the tangential. The ends of these prisms 
are usually one-sided, tapering to a point, alternately on the right and left sides. The 
length of the cambium cells varies in different plants, but those from which medul- 
lary rays are formed are the shorter. The primary vascular portions of the bundles 
projecting into the medulla constitute what is known as the medullary sheath. 
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Owing to climatic variations, the cambium tissue of woody plants 
exhibits a periodical activity which results in the formation of 
annual rings of growth (Figs. 138, 140, 146). In spring, during the 
period of energetic growth, larger tracheal elements are developed 
than in the following seasons (Figs'^T40,* Tr§)r For this reason a 
difference is perceptible between the early wood (spring wood), which 
is composed of large elements especially active in the conveyance 
of water (Fig. 140,/), and the late wood (autumn wood), consisting 
of narrow elements which impart to a stem its necessary rigidity (Fig. 
140, 5 ). Throughout the greater part of the temperate zone, the forma- 
tion of wood ceases in the latter part of August, until the following 
spring, when the larger elements of the spring wood are again 
developed. Through the consequent contrast in the structure of the 
early and the late wood, the limits (Fig. 138, i) between successive 
annual rings of growth become so sharply defined as to be visible 
even to the naked eye, and so serve as a means of computing the age 
of a plant. 

Under certain conditions the number of annual rings may exceed the number of 
years of growth, as, fo»* instance, when midsummer cuowtii occurs, suclx as commonly 
happens in the Oak, when, after the destruction of leaves by caterpillars, a second 
formation of spring wood is occasioned by the new outgrowths thus induced. In the 
wood of tropical plants the annual rings may be entirely absent. This occurs, for 
example, in the tropical Conifers of the genus Araucaria , which, in this respect, 
show a marked contrast to the Conifers of the northern zone. Any interruption of 
growth, such as would occur during a drought, followed by a period of renewed 
activity, may occasion the formation of annual rings even in tropical plants. 

Although a cessation in the formation of wood takes place so- 
early, the cambium tissue corltinucs to form bast so long as climatic 
conditions permit. As a rule, however, fewer elements are added 
to the bast than to the wood. Up to a certain period, in the age 
of woody plants, the elements of both wood and bast exhibit a 
progressive increase in size. 

The living elements may remain in a state of greater or less activity 
throughout the whole of the wood, extending even to the pith ; such 
wood is called splint wood : the Beech (Fagus syivatica) may be quoted 
as an example ; in other trees which form heart-wood, the living elements 
die after a certain time, so that only dead tissues are found at a 
certain distance from the cambium. Before the death of the living 
cells, they usually produce certain substances, such as tannin and gums, 
which penetrate the cell walls of the surrounding elements, and also 
partially close their cavities. The tannins impart to the dead wood a 
distinct colour, often very characteristic, especially when it has been 
transformed into wood dyes, or so-called xylochrome. The tannin 
in the woody walls acts as a preservative against decay, while the 
gums close the functionless water-courses of the dead wood. The dead 
portion of the wood of a stem is called the heart-wood or duramen. 
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in contrast to the* living sap-wood or alburnum. Usually the splint 
or sap-wood at once distinguishable from the heart-wood by its 
lighter colour. In some stems, however, the heart-wood does not 
change its colour. In that case, as the protecting materials are 
generally absent, it is liable to decay, and then, as so often occurs in 
the willow, the stem becomes hollow. 

The sap-wood is limited, according to the kind of wood, to a larger or smaller 
number of the younger annual rings, and to it falls the task of water conduction. 
The distinction between sap- and heart -wood is sharpest where the latter is 
dlfck-colourecf, as in the Oak, with its brown heart-wood, and in species of Dios - 

pyroSf whose black heart-wood furnishes 
ebony. The darker the heart-wood, the 
harder and more durable it usually is. 
The following may be mentioned as ex- 
amples of woods which yield dyes and 
colouring principles — Ilaematoxylon cam - 
pcchianum , L. (Campeachy wood, log- 
wood), with a blue heart -wood from 
which hematoxylin is extracted ; Piero - 
carpus santalinuSy L. fil. (red sandal- 
wood), from the heart -wood of which 
santalin is obtained ; Caesalpinia hra- 
silUnsis, L.,and C. cchinata, Lam. (Brazil 
wood, Pernambuco wood), with a red 
heart - wood which supplies brasilin ; 
and the Alsage Orange, Maclura auran- 
tiacay Nutt, (yellow Brazil wood), which 
has a yellow heart -wood from which 
morin is derived. Inorganic substances 
may also be deposited in the duramen ; 
thus calcium carbonate is found especi- 
ally in the vessels of the Elm and the 
Beech, while silicic acid occurs in those 
of the Teak ( Tcclona yr midis). 

Tyloses (Fig. 139) are also instrumental in closing the water-courses of the 
heart-wood. These are intrusive growths from living cells, which penetrate the 
cavities of the adjoining tracheal elements during the transition of the sap-wood 
into heart-wood. In the formation of tyloses the closing membrane of the pits of 
pitted vessels forms bulging ingrowths into the vessel cavities. Such bulging 
ingrowths increase in size until several meet, and so more or less completely close 
the cavities of the vessels into which they have intruded. The closing membrane 
of the bordered pits in the heart- wood is pushed to one side, so that the torus presses 
against the opening of the pit and completely closes it. According to H. 
Mayr ( 71 ), resiu does not penetrate the walls of wood cells under normal conditions ; 
the wood of Conifers only becomes resinous through the impregnation of the cell 
walls with resin, after they have become dried up through wounds or other causes. 1 
The resin-ducts of Conifers may also be closed by the formation of tyloses. 

The elements of secondary growth in Gymnosperms and Dicoty- 
ledons differ. The vascular strands of Gymnosperms are composed 



Fio 1 39. — Transverse section of a vessel from 
the heart-wood of Jtobinia Pmulacacia, closed 
by tyloses ; at a, a is shown the connection 
between the tyloses and the cells from which 
they have been formed, (x 300.) 
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almost exclusively of tracheids (Fig. 1 40). These ar^ provided with 
bordered pits which are situated, for the most part, in their radial 
walls. The tracheids of the spring-wood (f) have larger cavities than 
those formed later (s). Parenchyma is also present in the wood, 
though in relatively small amount ; in some Abietineae resin-passages 
occur in it (Fig. 138, b). 

With the exception of the Gnetaceac, true vessels are not found in the aeoondary 
growth, nor in the primary vascular portions, of the bundles of Gymnoaperma The 
wood produced by the cambium consists of radial rows of tracheids, the number of 
which is occasionally doubled by the radial division of a cambium cell (Fig. 140* #). 



Fig. 140. — Transverse .section oi the wood of a .l*ine at tin* junction of two annual rings. /, Early 
wood ; s, late wood ; t, bordered pit ; a, interposition of a new row of tracheids resulting from 
the radial division of u cambium cell: h, rcsbi canals; in, medullary rays; g, limit of late 
wood. (x 240.) -% 

The tracheids are often over a millimetre long, much longer than the cambium 
cells from which they are developed. They attain this length by a subsequent 
growth, during which their growing ends become pushed in between one another. 

In addition to the tracheids, small amounts of wood parenchyma are also pro- 
duced in Gymuosperms by a transverse division of the cambium cells. It is in the 
parenchymatous cell rows of the wood of Pines, Spruce-Firs, and Larches that the 
schizogenous resin-ducts are produced (Fig. 140 , k). In other Conifers the wood 
parenchyma consists of simple rows of cells, which afterwards become filled with 
resin. 

1 Besides tracheids (t) and wood parenchyma (hp), other elements 
Jtake part in tlie composition of the secondary wood of a Dicotyledon ; 
[these are the vessels (tracheae, g\ and the wood fibres ( h ) (Figs. 144, 
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145). The cells.of the wood parenchyma are short and have abund- 
ant contents, the wood fibres are thick- walled long cells with pointed 
ends. The elements with wider lumens, especially the vessels, are 
abundant in the spring-wood, in which water conduction is important. 
The autumn-wood, on the other hand, consists of narrow elements, 
among which the wood fibres, which contribute to the rigidity of the 
plant, are numerous. On account of these differences between spring 
and autumn- wood the annual rings are well marked (Fig. 148). 


All. the elements entering into the formation of the wood of Dicotyledons can be 
derived from the two classes of tissue already met with in the Gymnosperms, the 
\ trao hea l tissue and the parenchymatous tissue of the \yood. The tracheids and 
VesJEs belong to the former class, while under the parenchymatous tissue are 
incmaed the wood parenchyma, fibrous cells of greater length but with similar 
contents (Fig. 145, ef\ and the wood fibres. 

The tracheal tissue consists of elements which lose their living contents at 
an deafly stage, and in their fully-developed condition are in reality only dead 




Fin. 141.— Part of a transverse section of the stem 
of a Pine, s, Late wood ; c, cambium ; v, sieve- 
tubes ; p, bast parenchyma ; k, cell of bast 
parenchyma containing crystal ; cv, sieve-tubes, 
" compressed and functlonless ; m, medullary ray. 
( X 240.) 


cell cavities. In this class are included 
XMCUEItts having relatively wide 
lumina and large bordered pits (Fig. 
144, t), and often also spirally thickened 
tracheids which serve as water-carriers 
vascular tracheids ( gt ), with similar 
functions, but with the structure and 
thickening of vessels ; fibre tracheids 
(/£), with small lumina and pointed 
ends, having only small, obliquely 
elongated bordered pits, and, in ex- 
treme cases, exercising merely mechani- 
cal functions ; and finally tracheae 
(g), formed by cell fusion, and provided 
with all the difierent'forms of thicken- 
ings by which they are distinguished 
as ajanular, spiral, reticulate, or pitted 
vessels. All vessels function as water- 
carriers. If they have small lumina 
and resemble tracheids, they may be 
distinguished as tracheidal vessels 
(Ig ) ; if, as is generally the case, they 
have bordered pits on their lateral 
walls, they are usually provided with 
tertiary thickening layers in the form 
of tliin spiral bands (Fig. 149, w). 
In the parenchymatous tissue of the 


wood, the cells (Fig. 145) generally retain their living contents, and never 
develop true bordered pits with a torus in the closing membrane, which are so 
char&eteristio of the water - conducting elements. All tissues of this class may 
be best derived from wood parenchyma. The wood parenchyma is produced 
by transverse divisions of the cambium cells, and accordingly consists of rows 
of cells (hp) with transverse division walls, and others obliquely disposed, which 
correspond to the alternately differently pointed ends of the cambium mother cells. 
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The cells of the wood parenchyma are provided with simple round or elliptical pits, 
varying in size in different kinds of .vood ; they generally contain starch ; and 
some of them also tfike up by-products, resulting from metabolism, or from the 
chemical changes taking place within a plant in the processes of its nutrition and 
growth. The cells having the elosest resemblance to those of typical wood 
parenchyma are the so-called firrops cells (c/). In their contents, as well as in 
their wall thickenings, they are similar to the cells of wood parenchyma, but are 
formed directly from one entire cambium cell. In their fonnation, the cells of the 
cambium tissue do not undergo a transverse division, but become more or less 
elongated and fibrous. The limiipoum fibres or wood fihues (h) have a similar 



Km. 142. — Radial section of a Pine stem, at tin* junction of the wood and bast, s, Lute 
trade-ids ; /, bordered juts; cambium * /*, sim '‘-tubes : /*/, sieve-pits; tut, traeheidal medul- 
lary kin cells; .mi, medulbny ray rolls in tin .vood, containing starch ; sin', the same, in tin* 
twist : t in. medullary ray cell... with albuminous contents, (x 240.) 

origin, but are even more elongated and have thicker walls, and, at the same time, 
narrow, obliquely elongated, simple pits. Although the wood fibres may continue 
living, in the more extremely developed forms (hi they lose their living contents. 
They are then filled with air. and their function is merely mechanical. Under 
certain conditions, by later transverse divisions, the librifonu iibres may become 
transformed into septate wood fibres (yh). The transverse septa thus formed 
remain thin, and form a striking contrast to the more strongly thickened lateral 
walls. While the tracheal tissues are engaged in providing for the condueiion of 
water, the duty of conducting and storing the products of assimilation, in particular 
the carbohydrates, is performed by the parenchymatous tissues of the wood. Both 
forms of tissue, however, aid in maintaining the rigidity and elasticity of the plant 
body, and, in their most extreme development, furnish such elements as the fibre 

K 
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tracheids on the one.hand, and on the other the empty wood fibres, which are only 
capable of performing mechanical functions. 

The wood of IMObtyledons is made up of the elements of these two classes of 
tissue, the tracheal and the parenchymatous, but all the different elements are not 
necessarily represented in any one kind of wood. 

l)rimys t a genus closely allied to the Magnolias, is the only Dicotyledon of 
which the wood is formed solely of tracheids. Tlxis Dicotyledon closely resembles 



Fig. 14H. Tangential section of tin* lain 
wood of a Pi im». 1 , Jioidemd pit; tm, 
tracheidal medullary my rolls; sin , 
medullary ray cells eontainin.tr stareli ; 
ct, pit bordered only on one side; i, 
intercellular space in the medullary 
ray. (x 240.) 



Fla. 144.— Elements of 
wood ; diagrammatic, 
text.) 



tracheal tissue of the 
(For description, see 


tho Conifers in .structure. In numerous Lryumuiomt*\ Willows, Poplars, and species 
of Ficus , on the other hand, the tracheal tissues are only represented by vessels, 
which perform the task of water conduction. In the wood strands of these plants 
there are also present wood parenchyma and a large amount of wood fibres, which 
contain only air. The vessels in climbing plants (lianes) are especially wide. 

The distribution of the living elements in the wood strands always bears a dis- 
tinct relation to the water-courses which they accompany’, enclosing them in a more 
or less complete sheath. The living cells adjoining the tracheal elements are in 
communication with them by means of one-sided bordered pits. When such j its 
occur in living cells the pit cavities are absent, but present in the case of tracheal 
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elements ; they differ from the true bordered pits iu the absence of a torus on the 
pit-closing membrane, and in being unhgnificd. 


The Elements of the Secondary Phloem in Gymnosperms and 
woody Dicotyledons are sieve-tubes and companion cells, bast paren- 
chyma with abundant cell contents, and long narrow bast fibres with 
strongly thickened walls. .The sieve-tubes serve to conduct proteid 



\ < f 

if ijh h 


Kin. 1 1."*.- -Elements (.1 tin* 
yiaiiMidiviuatims tissti" of 
tin- wood ; ir* . 

(Koi(.lrMTi|*t iotijSic t**\l . ) 



Kn.. 1 1(5. Trniisx itm* sort ion of a stem of THiit 
jhti rijnlin, in Urn fourth jrai* of its growth. 
j<r. Primary eoiti*\ : »*. rumhinm ring; »r, hast.; 
/"«, primary mrdnlliiry ray; pm\ expanded <*\- 
tiemiiy of :i primary medullary ray; mu, seeond- 
::tv nu'ilullary ray ; «/. limit oft bird year’s wood. 

t v 


materials ; storage and conduction of carbohydrates take place in the 
parenchyma in which by-products of metabolism, such as tannins and 
calcium oxalate, also accumulate. 

As in the ease of the wood, the elements of the hast may lie referred to two forms 
of tissue, the. sieve-tube and the parenchymatous. The former is represented by 
the sieve -tubes or by these together with companion cells, the parenchymatous 
portion by the phloem parenchyma and the bast fibres, between which there are 
intermediate forms of element. 

In the bast strands of Gymnosperms, the phloem elements produced 
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by the cambium*(Fig. 141, c) consist solely of sieve-tubes, the paren- 
chymatous cells of the bast parenchyma (p and h\ and, in certain 

cases, of bast fibres. These elements 
of the bast generally form alternating 
bands. 

The Arniuxtricrtn , Taxincae, ami some of 
J hit the Cuprcssitiaac exhibit definite, vertical 




rows of hast parenchyma cells which are 
characterised by their abundant albuminous 



contents. These cells stand in close relation 
to the sieve-tubes and take the place of com- 
panion cells, which are not found in Gymno- 
sperrns. At a certain distance from the cam- 
bium the sieve-pits, both terminal and lateral, 
become over-laid by callus plates. During the 
vegetative period following their development, 
the sieve- tubes become empty and compressed 
together (Fig. 141, cv). The rows of bast 


Fm. 147. — A radial section ol 
the wood of Tilin jHirvifoVui, 
showing a small medullary 
ray. </, Vessel ; /, wood fibres ; 
tin, medullary ray cells in 
communication with the 
water -courses by means of 
pits ; urn, conducting cells of 
the medullary ray. (x 240.) 

parenchyma cells contain- 
ing albuminous substances, 
which are found in some 
Conifers, undergo disorgan- 
isation at the same time as 
the adjacent sieve - tubes ; 
the hast parenchyma cells 
which contain starch, ou the 
other hand, continue living 
for years, and even increase 
in size, while the sieve-tubes 
become d isorganised. 

The elements of the 
phloem tissue included 
in the bast strands of 
woody Dicotyledons 
(Fig. 150) are repre- 
sented by SIEVE-TUBES 
(v) and companion 



Eio. 148.— Portion of a transverse section of the wood of Tilia 
parr if olio, m, Largo pitted vessel; 1, traclieids ; l , wood 
flbre ; p, wood parenchyma ; r, medullary ray. (x 540.) 


CELLS (r). To the parenchymatous tissues of the bast belong bast 
parenchyma ( p ), bast fibres ( l ), and transitional forms between them. 


t 
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The bast fibres, like tho fibres of the wood, may occur in an nm thickened form as 
fibrous cells, either with or without living contents, or they may be filled with 
starch, and finally may become septate. 

An example of bast with an especially regular arrangement is afforded by the 
Lime (Fig. 150). In a cross -section, even 
under a low magnifying power, an alternation 
of shining white and dark-colcured tangential 
bands is noticeable. When more highly mag- 
nified, it can be readily seen that the white 
bands consist of strongly thickened bast fibres 
(Fig. 150, /). Adjoining them, there follow, 
towards the periphery, one layer of lund paren- 
chyma cells ()>), then a zone of wide sieve-tubes 
(v) and small companion cells (r) ; next to 
these come two layers of hast parenchyma ( p), 
abundantly supplied with starch, and followed 
by a single interrupted Jayvr of hast paren- 
chyma cells containing crystals (/,’), and finally, 
another hand of hast fibres (/). Tin* farther i| 
removed the sieve -tubes and companion cells '' 
are from the cambium, the more crushed they 
become, until ultimately they appear as a com- | • 
pressed mass of cell walls without cell cavities. 

The starch -containing parenchyma, on the other 
hand, may remain for years unalti-icd. The 
differences in the appearance of the hast of 
dicotyledonous trees is due m the greater or 
less diameter of the sieve- tubes, the presence 
or absence of bast fibres, and the arrangement 
of the various elements. 



Kir 14H. -Tangential section of the wood 
uX'l'ilut fyirvifnliu. ?», Pitted vessel; 
t, spiial trncheids ; )>, wood paren- 
chyma ; I, wood fibres; r, medullary 
rays. (xitiO.) 


The Medullary Rays of the Gym- 
nosperms (Fig. 13S, nix) and woody 
J )icotyledons (Fig. 14b, jwi, am) form 
radial bands, composed wholly or in 
part of parenchymatous elements. Their 
function is to supply’ the ^ambrnm and 
wood with the products formed in the leaves and conveyed away 
by the bast The medullary rays in this way link together by radial 
bands of living cells the protoplasm-containing elements of the bast 
and wood, thus uniting all the separate living tissues of the stem. 
The medullary rays are in turn accompanied or, if many -layered, 
traversed by intercellular air-cavities, which, beginning in the peri- 
phery of the stem, penetrate the cambium and communicate with 
all the intercellular spaces throughout the living elements of the 
wood and bast. All the li\ing elements are kept in communica- 
|tion with the atmosphere by means of the intercellular spaces of the 
medullary rays, and the necessary interchange of gases is thus rendered 
possible. 



134 


BOTANY 


PAfeT I 


The substances contained in the parts of the medullary rays within the wood, 
chiefly consisting^ starch, tannins, resin, and crystals, are essentially the same as 
those in the wood parenchyma. In the medullary rays of certain Gymnosperms, 
particularly in the Pine, single rows of cells, without living contents and situated 
usually at the margin of the medullary hands, become tracheidal in structure 
(Figs. 142, 143, tm), and united with one another and with the traelieids by means 
of bordered pits. Their purpose is to facilitate the transfer of water radially 
between the tracheids. In other Conifers, where such tracheidal elements are not 
found in the medullary rays, bordered pits are developed in the tangential walls of 
the tracheids of the late wood, and by means of them is effected the transfer of water 



Fi«. 150. —Portion of a transverse section of the bast, of Tilia par ri folio, v, Sieve-tubes ; v*, sieve- 
plate ; c, companion cells ; cells of bast parenchyma containing crystals ; j>, bast paren- 
chyma ; l, bast fibres ; r, medullary ray. (x 540.) 

in a radial direction. The living cells of the medullary rays of the wood hear the 
same relation to the water-carriers as does the wood parenchyma, and like them are 
connected with the water-conducting elements hy means of bordered pits. They 
take up water from them and give it out again, as it may he needed, to other living 
cells ; on the other hand, in the spring, at the beginning of the season of growth, 
they press into the water-courses the products of assimilation, in particular glucose 
and small quantities of albuminates, in order that these substances may he trans- 
ferred in the quickest way to the points of consumption. Accordingly, during the 
winter and in the beginning of spring, sugar and albumen may be detected in the 
tracheal elements ( 72 ), and may then be obtained from the watery sap of “bleed- 
ing ” trees, or from artificial borings or incisions, particularly in such trees as the 
Maple, Birch, and Hornbeam. In the wood of Dicotyledons it is usually only 
special rows of the medullary ray cells which stand in such close relation with the 
tracheal tissues. In these special rows, generally on the margins of the medullary 
rays, the cells are elongated vertically, and on that account have been distinguished 
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as vertical medullary ray cells. The other cells, or those. of the middle layers 
of the medullary bands, on the other hand, are called HORIZONTAL MEDULLARY RAY 
cells : they are narrower and more elongated radially ( 7;1 ). These have, moreover, 
no especial connection with the tracheal 
elements, but are designed for conducting 
and storing assimilated matter. Within 
the hast zone the medullary rays are also 
distinguished as c mitical rays, and in 
the bast of Dicotyledons they have a 
simpler structure than in the wood. It 
is evident, not only from the connection 
existing between the cells of the medullary 
rays and the bast parenchyma, but also 
from the relations exhibited i'n Dicotyle- 
dons between the medullary lay cells and 
the companion cells of the sieve -tubes, 
that the function of the cortical rays is 
to take up the substances passing down 
the hast strands. For not only is the bast 
parenchyma in communication with tin? 
cells of the medullary rays by means of 
bordered pits, but the companion cells are 
so disposed on the sides of the sieve-tubes 
as more surely to come in contact with the 
medullary rays. 

In the Fine and other Jbinthicac , whose 
bast parenchyma is devoid of cells func- 
tioning as conductors of albuminous matter, 
their place is taken in this respect bv 
rows of medullary ray cells (Fig. 142, on). 

These maintain an intimate connection 
with the sieve -tunes by means of sieve- 
juts. They lose their contents in the same 
manner as the sieve-tubes, and, like them, 
become compressed and disorganised. On 
the other hand, the cells of the cortical 
rays, which contain starch, like the similar 
cells of the bast parenchyma, increase in size, and pushing between the compressed 
sieve-tubes, continue living for years. 

The width and height of the medullary rays may be more easily determined 
from tangential than from radial sections. In such tangential sections the medul- 
lary rays appear spindle-shaped (Figs. 143, 149). With few exceptions, as in the 
Oak and Beech, the medullary rays are rarely of more than limited dimensions. 
The Oak, in addition to numerous small medullary rays, has other larger rays 
which may be as much as a millimetre broad and a decimetre high. In the Poplar, 
Willow, and Box the medullary rays are so extremely small that they are scarcely 
visible, even with the aid of a magnifying glass. The height of the broad primary 
rays of many Lianes, on the other hand, may bo equal to that of a whole internode. 
In certain Conifers, resin-ducts occur not only in the wood, but also in the broader 
medullary rays. These radial resin-ducts are in communication with the vertical 
ducts. It is due to this fact that such a large amount of resin exudes from wounds 
in Pine or Fir trees. 




Fit*. I.M.— Diagrammatic representation of tbe 
growth in thickness of a dicotyledonous 
root. j>r, Primary cortex ; c, cambium 
ring ; </', primary vascular strand ; s', 
primary phloem strand; p, poricyole; r } 
endodermis ; jy", secondary w.kkI ; s", second- 
ary bast ; /<•, periderm. 
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Secondary .Thickening of the Root in Gymnosperms and 
Dicotyledons. — The roots of Gymnosperms and Dicotyledons, in 
which the stems increase in thickness, also show a similar growth in 
THICKNESS ( 74 ). Whenever secondary growth begins in a root with 
its xylem and phloem strands alternating with each other (Figs. 123, 
128), areas of cambium arise on the inside of the phloem strands, 
through the division of the fundamental tissue ; these give off wood 
elements towards the centre of the root, and bast towards the periphery. 
These cambium areas soon meet in the pericycle, just in front of the 
xylem strands, and so form a complete zone of meristematic tissue. 
In Fig. 151, A , this process is diagrammatically represented. As a 
result of the activity of its cells the cambium ring soon loses its 
sinuous form, and becomes a simple ring. In front of the primary 
vascular strands (/), the cambium produces medullary ray tissue, and 
this constitutes the ^broadest medullary rays which lead to the strands 
of primary xylem (Fig. 151, B). A cross-section of such a root, in 
which the secondary growth has continued for some years, can 
scarcely be distinguished from a cross-section of a stem. By careful 
examination, however, the presence of primary tissue in the centre of 
the root can be discovered, and its nature thus determined. The 
wood of the root is also more porous than in the stem, and bears a 
close resemblance to spring-wood. On account of this lack of differ- 
entiation in the wood, the annual rings of growth are less distinctly 
defined in roots than in stems. 


Anomalous forms of Growth in Thickness ( 7S ). — Extraordinary deviations from 
the usual type of secondary growth arc afforded by some stems and roots of Gymno- 
sperms anti Dicotyledons. Among the Gymnosperms in the Cycadawac and 
certain species of Uncium , in the Che nopodia cear , Amanmtaceae , Nydaginaccac , 
Phyfohtccaceae , and other families of Dicotyledons, the cambium which has been 
formed in the ordinary niauner soon loses its function, and a new cambium ring is 
developed external to the bast zone, for the most part in tin; pericycle, or in a 
tissue derived from it. This cambium ring forms wood on the inside and bast on 
the outside, with the accompanying medullary rays. It then ceases to divide, and 
a new ring takes its place. This process repeats itself, and ultimately leads to the 
formation of concentric wood and bast rings, which, in cross-sections of the sugar- 
beet, may be distinguished with the naked eye. These concentric zones may be 
still more plainly seen in a cross-scction of Mucttna. altissima- (Fig. 152), a Liane 
belonging to the order Papitionaccac. The stem shows in this case an inner axis 
of wood (1) surrounded by a zone of bast (1*) ; next follows a cylinder of wood (2) 
and bast (2*), and finally a third (3, 3*) in process of formation in the midst of 
the pericycle. An extraordinary appearance is exhibited by cross-sections of stems, 
which show several separate wood cylinders (Fig. 153). Such a structure is 
peculiar to various tropical Lianes of the genera Scrjania and Paullinia belonging 
to the family Sapindaceae. This anomalous condition arises from the unusual 
position of the primary vascular bundles, which are not arranged in a circle but 
form a deeply lobed ring ; so that, by the development of interfascicular cambium, 
the cambium of each lobe is united into a separate cambium ring. Each of these 
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rings, independently of the others, then gives rise to wood and bast (Fig. 153). 
An even more peculiar structure is exhibited by many Lian?s of the Jiignoniaceae , 
the wood of which is cleft by radially projecting masses of bast (Fig. 154). The 



I'm;. i:>2.~! ransverse M'etion of tin* stem of Mut'ium ultisaiina. I, 2, S, Successively formed 
zones of wood ; l v 2 X , :>*, successively formed zones of hast. ($ nab. size). 


primary stem <>t tin* Lignoniurnu' shows the ordinary circular arrangement of the 
vascular bundles. Wood ami bast are at first produced from the cambium ring in the 
usual manner, and form an inner, normal wood cylinder of axial wood. Such 





l-'io. ns. — Transverse section of 
the stem of Srrjaikia Lor not' 
frtnia. >/., fart of the rup- 
tured selerenchymatous riiitf 
of the perieyele ; /and /\ hast 
zones ; Uj t wood ; >a, medulla, 
(x 2.) 



Fio. K, 4.— Transverse section of the stem of u Mgnonia. 
(Nat. size.) 


normally formed axial wood cylinders are common to many, otherwise abnormally 
developed Lianes. The cambium ring of the Bignoniuceac , after performing for a 
time its normal functions, begins, at certain points, to give off internally only a 
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very small quantity pf wood, and externally a correspondingly large amount of 
bast. As a result of this, deep wedges of irregularly widening bast project into tlie 

The originally complete cambium 
becomes thereby broken into longi- 
tudinal bands, which arc broader 


outer so-called v%M axial wood (Fig. 154). 

,/SD 



in front of the projecting wood than 
at the apices of the bast wedges. 
As the periaxial wood is always 
developed from the inside, and the 
wedges of bast from the outside of 
their respective cambium bands, 
they extend past each other with- 
out forming any lateral connection. 


Secondary Growth of 
Monocotyledons. —There are 
certain monocotyledonous 
plant families and genera, 
especially Dracaena , Yucca , 
Aloe, the Dioscorcaceac , and 
some Palms (™), in the stems 
and roots of which a cam- 
bium ring is developed. As 
in such cases, the cambium 
ring generally arises in the 
pericycle, outside the scat- 
tered vascular bundles and 
from the fundamental tissue, 
it is a secondary meristem ; 
it does not, as in Dicotyle- 
dons and Gymnosperms, pro- 
duce continuously wood and 
bast in opposite directions, 
but, instead, closed vascular 
bundle strands and funda- 
mental tissue (Fig. 155). 

Secondary Growth of 
Leaves ( 77 ) is always very 


Pin. l. r »5. — Transverse section of the stem of Conlyline 
(Divcaetw) rubra. Primary vascular bundles ; 

secondary vascular bundles ; leaf - trace 

bundle within the primary cortex; m, parenchy- 
matous fundamental tissue; s, bundle - sheath ; t, .. , , . 

irachcids ; e, cambium ring ; cr, cortex, the outer slight, and IS Confined to a 
portion being primary, the inner secondary cortex ; few Coilifemc and Dicotyle- 
P h, cork ouml.hmi ; I, cork ; r, bundles of mpliiiles. dong w ;j h evcrgreen l eaveg . 

The increase in thickness is 


(X 30.) 


due to the presence of a fascicular cambium. This produces little 
or no xylem, the new elements being mostly added to the 
phloem. Any elements formed on the side next the xylem are 
water -conducting, while those adjoining the phloem become sieve- 
tubes. 

Periderm ( 78 ). — It is very seldom that the epidermis, by the 
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division of its own cells, is in a condition to keep pace for any length 
of time with the increasing dimensions of the stem This, however, 
is the case with the Mistletoe ( Fiscvm album), the number of whose 
epidermal cells is continually augmented by the formation of new 
lateral walls, while the outer walls are at the same time strengthened 
by inward thickenings to supply the place of the older, ruptured, 
thickening layers. The stems also of one of the Maples (Aar striatum ), 
even when a foot or more thick and over forty years old, remain 
covered with a living, growing, epidermal layer. As a rule, however, 
the epidermis on stems which grow in thickness becomes stretched and 
finally ruptured. The tissue of the primary cortex, by the expansion 
and division of its cells, can accommodate itself more easily than the 
epidermis to the increased dimensions of the stem, arising from the 
growth in thickness of the central cylinder. This process of cortical 
growth is particularly noticeable in the primary medullary rays 
(Fig. 1 40, pm) between the primary phloem. The formation of the 
periderm generally begins during the first vegetative period, after the 
secondary growth has reached a certain stage. The commencement of 
its formation is indicated by the brown colour of the external surface 
of the stem, which, however, remains green so long as the epidermis 
continues alive. The periderm is derived from a secondary meristem, 
termed the cork oambicm or phellogen. This phellogen may arise, in 
the epidermis, in a deeper layer of cells of the primary cortex, or even 
in the perieycle itself. The cells of the phellogen divide by tangential 
walls, and also, at times, by radial walls, in order to accommodate 
themselves to the increasing thickness of the stems. Of the new cells 
thus formed, those given off towards the periphery of the stem are the 
coiiK (ELLS (Fig. 155, /). They usually have a tabular shape, fit 
closely together without intercellular spaces, and possess suberised, 
secondary, thickening layers. The cork cells are, for the most part, 
filled with air, containing also a yellow or brown substance, and usually 
possess brown walls. The cell walls may be thin or thick, frequently 
thickened on one side, and occasionally to such an extent that they 
are known as stone cork. %The cork tissue frequently shows an 
alternation of thick-walled and narrow with thin-walled and larger 
cells. These layers mark annual growths. The cork cells, being 
impermeable to water, prevent the loss of moisture by transpiration, 
while at the same time they shield and protect the inner tissues. 

The cork of tlie Cork-oak {Querms Huber) is formed of broad layers of soft 
large cells, alternating with narrow and thinner layers of cells, which mark the 
limit of the annual growth. This may be seen in bottle -corks. The tirst, spon- 
taneously developed cork of the Cork-oak is stripped off, whereupon a new phellogen 
is formed in the deeper-lying tissue. The cork thus produced is removed every six 
or eight years, and furnishes the cork of economic value. 

In many cases the phellogen takes its origin in the epidermis (Fig. 156). 
This is the case in the Willow, in all Pomaceae, and in a great number of other 



140 


BOTANY 


PART I 


woody plants. The epidermal cells become divided into outer and inner cells, the 
latter of which assume the function of a phellogen. More frequently the phello- 
gen develops from tfie layer of cells next adjoining the epidermis, as, for example, 
in ,the Elder ( Sanibucm nigra), where it takes its origin from the outermost layer 
of collenchyma (Fig. 157, jjh). 

At the same time that the cork is forming from the outer side of 
the phellogen, a so-called cork cortex or phelloderm is also fre- 
quently developed from its inner side. The cells of the phelloderm 
retain their living protoplasm, and usually contain chloroplasts. They 
ultimately become rounded off, so that intercellular spaces are formed 
between them. The term periderm includes both 
cork and phelloderm. 

Bark. — All tissues external to the phellogen 
are cut off from food supplies, and consequently 
die. When the first cork layer has its origin deep 
within the stem, a BARK is formed through the 
ensuing death of the excluded peripheral tissues. 
If the cork layer formed by the phellogen be thin, 
the stem has a smooth surface, as in the Beech ; 
if it produces thicker cork layers, the surface of 
the stem appears rough and full of fissures, as is 
the case in the Cork-oak. The primary phellogen 
generally ceases its activity after a short time, and 
Km. irxi.-Traimvprwsef. another deeper-lying phellogen is formed. After 
(*s of7om Pl ™ il ^ mo new phellogen discontinues its func- 
twi K ° 0 f V*irw?woi. tions, and another (Fig. 1 fiS) is developed, as 
Htiin'b»'fci»niMK in the case of Quercus semlijlora, until ultimately 
the phellogen comes to be formed in secondary 
(xm) ’ n bast parenchyma instead of in the primary tissue. 

That portion of the bast cut off by the periderm loses 
its nutritive contents and only retains waste products. If the layers 
of the secondary periderm constitute only arcs of the stem circum- 
forepcc, the bark will be thrown off in scales, as in the scaly bark of 
the Fine and Plane tree ; if, on the contrary, the periderm layers form 
complete concentric rings, then hollow cylinders of the cortical tissues 
are transformed into the so-called ringed BARK, such as is found in 
the Crape-vine, Clematis, and Honeysuckle. Bark which is not easily 
detached becomes cracked by the continued growth in thickness of 
the stem, and has then the furrowed appearance so characteristic of the 
majority of old tree-trunks. The usual brown or red colour of bark, 
just as in similarly coloured heart-wood, is occasioned by the presence 
of tannins, to the preservative qualities of which is due the great 
resistance of bark to the action of destructive agencies. The peculiar 
white colour of Birch-bark is caused by the presence of betulin (birch- 
resin) in the cells. 

In roots which grow in thickness the phellogen usually develops 
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in the pcricycle (Fig. 151, B, k). and in consequence ©f this the primary 
cortex of the roots dies and peels off. The succeeding phellogen 
layers are formed in exactly the same way in the root as in the stem. 

Lenticels ( 79 ). — In most woody plants, particularly in Dicotyle- 
dons, cortical pores, or lenticels (Fig. 157), make their appearance 
simultaneously with the formation of periderm. The lenticels take 
their origin in a phellogen layer (pi) which, in the casts of peripheral 
cork formation, almost always develops directly under the stomata. 
The phellogen, from which the lenticels arise, unlike the cork phellogen. 
does not form cork cells, but a lenticel tissue composed of com- 
plementary cells (/) traversed by intercel luhu spaces. On tho 
inside, however, a phelloderm is regularly derived from the phellogen. 
The complementary cells press the epidermis outwards and finally 



Fm. 1.'»7. — TnmsVfii sc serf ion of :i l<>ntico< of Si<inhnni iihjr't. e, Epidermis ; j>h, phelloj'en ; 
l, complementary c'-lls ; phclio^en of tlio lenticel ; jul , plielluderm. (x 00.) 


rupture it. Where the complementary cells are only loosely united, 
intermediate hands or closing* layers are developed from the phellogen 
alternately with the layers of looser tissue ; the closing layers become 
eventually ruptured. The cork-forming phellogen joins the phellogen 
of the lenticels at its margins. In cases where the cork is more 
deeply seated in the inner tissue, the lenticels begin their develop- 
ment at a corresponding depth. Lenticels serve to maintain the 
gaseous interchange between the outside air and the gases present in 
the intercellular spaces of the plant. 

The Falling of Leaves ( M ). — Preparatory to the falling of leaves 
an absciss layer is formed, by means of which ?die separation of the 
leaves from the stem is effected. This layer ari^ through the division 
of all the living cells in the plane of separation, ^eluding even those 
of the vascular bundles. At a later stage, a lkyer of cells in the 
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middle of the absciss layer becomes absorbed, and the separation of 
the tissues of la&f and stem is completed by the rupture of the tracheal 
elements and sieve-tubes. The absciss layer is usually formed just 



Fw. lf»s. — Transverse section of the periph 
tissues of the stem of IJttnvuti twssili flora. 1, ! 
Successively formed layers of cork ; pr, priti 


before the leaves fall, although 
frequently much earlier. 'Hie 
wound left on the stem either 
simply dries up, as is the case 
in the Ferns, or it is closed by 
a layer of cork, which is formed 
just below the surface and joins 
the periderm of the stem. This 
cork layer may be formed be- 
fore the fall of the leaves, but 
in that case it does not extend 
through the living elements of 
the vascular bundle, and does 
not become complete until after 
the leaves have fallen. The 
ends of the tracheal elements 
at the leaf -scars become filled 
with a protecting gum, and in 
addition, they, as well as the 
ends of tin*, sieve-tubes, become 
compressed and finally cut off 
by the developing cork. 

Wounds. — In the simplest 
cases the exposed tissues of 
wounded surfaces become dry 
through loss of moisture, and 
dying in consequence, form over 
the deeper-lying tissues a pro- 
tective covering of dry, brown 
^ cells. This method of protect- 
ory big wounded surfaces, although 


cortex, modified by subsequent growth ; in- 
ternally to pr, perie.vrle ; sr, sclerenchymatous 
litres, from the ruptured ring of selerenchy- 
matous litres of the perieyele ; s, subsequently 


very general in Cryptogams, 
rarely obtains in Phanerogams, 
but instead the wounds become 


formed selereids ; .s', sclereids, of secondary c l 0s0c l bv the formation of COl k. 
growth ; <•/*, Hast litres with accompanying crystul n 

cells; ceils, with aggregate crystals. All of Coik f 01 Hied 0\ Cl WOUllded SU1- 
the tissue external to the innermost layer of cork faces is Called WOUND CORK. 
!.“ tlfinl iiiiil tjisroloim'il, a.., I liaa tans- j,. j s derive J f rom a eork cam . 

lormed into bark, (x *2*Jf*.) 

bium that develops in the tissue 
under the wounds, and with its development the process of heal- 
ing, in succulent and parenchymatous portions of plants, is com- 
pleted. In woody plants a so-called CALLUS is formed by the active 
growth of the living cells bordering on the wound. These abnormal 
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swollen growths close together over the wound, and by the suber- 
isation of their cell walls provide a sufficient protection. Gener- 
ally, however, a cork -forming phellogen arises in the periphery 
of the callus. In stems of Gymnosperms and Dicotyledons, wounds 
which extend into the wood become surrounded and finally 
overcapped by an outgrowth of tissue arising from the exposed 
cambium. While the callus tissue is still in process of gradually 
overgrowing the wounded surface, an outer protective covering of cork 
is developed ; at the same time a new cambium is formed within the 
callus through a differentiation of an inner layer of cells, continuous 
with the cambium of the stem. When the margins of the over- 
growing callus tissue ultimately meet and close together over the 
wound, the edges of its cambium unite and form a complete cambial 
layer, continuing the cambium ot the stem over the surface of the 
wound. The wood formed by this new cambium never coalesces 
with the old wood. Accordingly, marks cut deep enough to pene- 
trate the wood are merely covered over by the new wood, and may 
afterwards be found within the stem. In like manner, the ends of 
severed branches may in time become so completely overgrown as to 
be concealed from view. As the wood produced over wounds differs 
in structure fiom normal wood, it has been distinguished as CALLUS 
wood. It consists at first of almost isodiametrieal cells, which are, 
however, eventually followed by more elongated cell forms. 

The Formation of Burrs --The curled or extraordinarily knotted appearance of 
i.ood. sui li as the hiid s-eyc or mi led maple, which adds so much to its technical 
value, is due to t he unusually sinuous course taken by the elements of the wood. 
This variat? *n their usual direction is caused hy the development of numerous 
adventitious buds, which turn tie vascular bundles out of their accustomed course ; 
the direction of the wood elements is moreover often affected hy the medullar}’ rays, 
whi 'h sometii'U's heromc so abnormally swollen that they appear almost circular in 
tang ic ial S'l-tnnis. 


The Phytogeny of the Internal Structure 

The phylogenetic differentiation in the internal structure of a plant 
docs not altoget her coincide with the progress of its external segmenta- 
tion. Kvcn unicellular plants in the group of Siphoneous Algae 
may exhibit a high degree, of external differentiation ; thus the uni- 
cellular Alga, (auln'jia (Fig. 25ft), has developed appendages having 
outwardly the form of leaf, stem, and root. Similarly, the red sea- 
weed, llt/drulajHilhinii (Fig. 9), although composed almost wholly of one 
form of cells, bears in its external segmentation a striking resemblance 
to one of the most highly organised plants. The internal differentia- 
tion of this Alga has only advanced so far, that the outer cells contain- 
ing the red chloroplasts form an assimilating tissue of isodiametrieal 
cells, while the internal colourless and more elongated cells function as 
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a conducting tissue. The relatively highest degree of internal develop- 
ment found in the Algae is attained by the Laminariae. In their 
stem-like axis, which may have a considerable thickness, the external 
tissues frequently contain canals filled with mucilaginous matter; 
while internally are found rows of cells resembling sieve-tubes (°°). 
The axes themselves grow in thickness through the continuous division 
of the cells of an outer ocll layer. A kind of cortical tissue is formed as 
a result of this growth which exhibits concentric layers, and of which 
the innermost cells gradually elongate and pass over into the so- 
called medulla. In the Fungi internal differentiation is the result of the 
more or less intimate union of the intertwining hypha\ In extreme 
casca^he hyphae forming the body of the Fungus may be so closely 
woven together as to give, in a cross-section, the impression of a 
parenchymatous tissue (Figs. 105, 106), in which, by the subsequent 



Km. Ifrii. -Surface ami transvnr.se view of the. tlmllus of Marrhimtin jmhfinnrfihu. 
In .-I, an uir-pore, as seen from above; in as seen in cross-section. ( x 240.) 


thickening of the cell walls, the pits in adjoining hyplne are brought 
into contact. In the fructifications of many of the lhimnomycctes and 
(Jasfnvmi/cett’s, some of the longer and more swollen hyplne contain a 
cloudy, highly refractive, and, in some instances, coloured substance, and 
appear, accordingly, to serve as a special tissue for the purpose of 
conduction. A marked advance in the differentiation into different 
tissue systems is first apparent in the Bryophytes, and even in them 
the formation of an epidermis distinct from the fundamental tissue is 
exceptional. In the thallus of the Marchanfieae of the Jlcpaticue , and 
at the base of the spore capsules of the Bnjineae , among the Mosses, 
the external layer of cells becomes more or less sharply defined from 
the underlying tissues. In the Marchmtieae (Fig. 159) this outer layer 
is pierced by openings which have been termed breathing-pores, but these 
have a different origin from the stomata of higher plants. They are 
rather, as Leitgeb ( S1 ) has shown, openings into cavities, which have 
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arisen through the overarching of certain portions o£ the surface by 
other more rapidly growing portions. In the Bryinccu\ on the other 
hand, stomata similar in structure to those of the Pteridophytes and 
Phanerogams are found in 
the outer cell layer at the 
base of the spore capsules. 

It would seem, however, 
that these stomata of the 
Bryinmc are probably not 
homologous with those of 
higher plants, as there is 
no direct phylogenetic con- 
nection between them, and 
it is more reasonable to 
regard them as merely ana- 
logous formations, such as 
so often occur in the evolu- 
tion of organs. In the 
stems 0% many of the 
Bryl ftnic there is also de- 
veloped a aim pie form of 
conductirig tissue (Fig. 

1 (>0); and the many-layered 
midrib of the single-layered 
leaf lamina is also traversed 
by a conductirig strand. 

In spite of their more 

ad\anced differentiation, the Bryophytes may still be included, just 
as they were originally in IS l .‘I by J>K Candollk ( 8J ), in bis classi- 
fication of the vegetable kingdom according to the natural system, 
with the other lower Cryptogams in the class of UKLLULAlt plants, as 
distinguished from the vascular PLANTS or Pteridophytes and 
Phanerogams. A separation of the tissues into the three systems of 
tegumentary, fundamental, and yaseular tissue occurs for the first time 
in the vascular plants associated with the development of roots ; while 
the systems themselves also exhibit a widely extended differentiation. 



Fin. l<ii >. — TnuiMVttr.su swtion of the stem of Mniuhi nndii- 
/, Conduct m^bundle ; c, cortex; e , peripheral 
cell layer of cortex ; /, part of leaf; /*, rhixoids. ( x !*•>.) 


The Ontogeny of the Internal Structure 

However a plant may arise, whether from an asexually produced 
spore or from a fertilised egg, its first inception is always as a single 
cell. In unicellular, spherical, or rod -shaped organisms, such as 
Glococapm polydermatica (Fig. 1) or Bacteria (Fig. 4), the whole course 
of development is concluded with the cell division which gives birth 
to two new independent organisms. If the cell divisions be continuous 


146 


BOTANY 


PART I 


and parallel, and the newly-developed cells remain in contact, cell 
FILAMENTS (Fig. 4, a *) will be formed; if the division walls have 
different inclinations, and are at the same time all in the same plane, 
cell SURFACES are produced ; and if the walls are formed in three 
dimensions of space, cell masses are the result. Such an organism 
will attain but a low degree of development if all its cells have a like 
value, and continuously reproduce themselves in the same manner. 
With the distinction into BASE and apex a plant manifests a higher 
degree of differentiation. A VEGETATIVE or growing point is then 

developed, usually at the 
apex, and in the simpler 
cases this consists of but a 
single cell (Fig. 5). The 
apex assumes more and 
more the character of an 
apical cell from which 




Km. 101. —Tin- growing point of Dirtjiota dirhotovw, show- 
ing tlie dichotomous branching. .1, Initial cdl. (After 

E. I»K WlLDEMAX, X fiOO.) 


all the organs of the plant 
take their origin; thus, in 
the case of Cladostqrfms verti- 
dllitfus (Fig. 7), the many 
celled main axis terminates 
in a single conical cell 
which, by transverse and 
longitudinal divisions, gives 
rise to the cellular system 
of the whole plant. Its 
side branches are likewise 
formed from similar apical 
cells, which develop, in 
regular acropetal order, from 
certain of the lateral cells 
of the parent stem, and 
determine the character of 


. the branching, to which 

reference is made in the specific name of this sea- weed. Flat, 
ribbon -like plants also, such as LHclyuta d idiot oma ( 83 ) (Fig. 8), 
may have conical but correspondingly compressed apical cells (Fig. 
161, A) y from which segments are cut off by concave cross walls, 
and become further divided by subsequent longitudinal walls. 
The dichotomous branching so apparent in Dictyota is preceded 
by a longitudinal division of the apical cell into two equal adjoin- 
ing cells (/;, a , a). By the enlargement and continuous division 


of these two new apical cells the now bifurcated stem becomes pro- 
longed into two forked branches. In other ribbon -like Ahjw, on 
the other hand, and in similarly shaped Hepaticae, as in Metzgerio 
and Aneura ( 84 ), the apical cell is wedge-shaped (Fig. 162), and the 
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successive segments are cut off alternately right and left by intersecting 
oblique wails ; from these segments the whole body of the plant is 
derived by further division. The ap- 
parently strictly dichotomous branching of 
Hepaticae provided with such apical cells is 
in reality due to the earlv development 
of new apical cells in young segments (Fig. 

162, b). In the case of the erect radially 
symmetrical stems of the Musci, most 
Ferns and Equisetaceac , the apical cell 
has generally the shape of an inverted 
pyramid ( 80 ) with a convex base, 
and forms the apex of the vegetative 
cone characteristic of the more highly 
organised plants. In the Common Horse- 
tail (Equisetum arvense ), for example, the 
apical cell of the main axis viewed from 
above (Fig. 164, A ), appears as an equi- 
lateral triangle, in which new w r alls 
in a spiral direction, parallel to the original Avails (p). Each 


f 


Fin. 103.— Median longitudinal section of the vegetative cone of Kguieet' uin arcenuf. 
Explanation in the text. ( x 240.) 

new segment thus derived is divided by a new division wall 
(Figs. 163, 164, w) into an upper and lower half; each of these 
halves, as is shown most clearly by an optical section just below the 




Fm. 102. Diagrammatic represent)! 
if the apex of Metzger it t fm 
i process of branch.ng, \ lowed 
froi the dorsal sid* . a, Apical 
cel) f parent shoot ; /<, apical cell 
f daughter shoot. (After Kn\, 
< circa 370.) 

are successively formed 
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apical cell (Fig. .1(54, B), becomes again divided by a sextant wall (*) 
into two new cell#. It is unnecessary to trace the further divisions, 
and it will suffice to call attention to the fact, that all cell walls 
parallel to the outer surface of such vegetative cones or portions of 
plants are termed pericltnal walls, while such as meet the surface 
and the periclinal walls at right angles are designated anticlinal, of 
which those in the plane of the axis of an organ are called radial. 
Some distance below the apical cell of Equisetum arvense the first leaf- 
whorl arises from the vegetative cone as a circular wall, which grows 
by the formation , of cell walls inclined alternately inwards and out- 
wards in the wedge-shaped marginal cells which form its surface 
layer (Fig. 163, /). This is succeeded at a lower level by other and 



.y 



Fig. 1<»4. - -.1, Apical view of the 
vegetative cone of Kguisetuui 
urvensc ; ti , optical Meet ion 
of the same, just below tin* 
apical cell ; l, lateral walls 
of the segments. ( x 240.) 



Flo. 105. — Median longitudinal section of the 
vegetative cone of Uippur'm vulgaris. <1, l)er- 
matogen; pr, periblein ; pi, plerome ; /, leaf 
rudiment. (X 240.) 


older leaf-whorls ( An initial cell (</) may be distinguished in 
the axil of the second leaf- whorl, and this is destined to become the 
three-sided apical cell of a side branch. 

In the Lijcopodime, the most highly developed of the Pterido- 
phytes, a distinct apical cell can no longer be recognised, while in the 
Phanerogams the cells of the vegetative cone are arranged as shown 
in the accompanying figure of Mippuris vulgaris (Fig. 165), in which 
the embryonic tissues are arranged in layers which, as was first 
noticed by Sachs ( 8C ), form confocal parabolas. The outermost 
layer, which covers both the vegetative cone and also the developing 
leaves, is distinguished as the dermatogen ( 87 ) (d ) ; the cells of 
the innermost cone of tissue, in which the central cylinder terminates, 
constitute the plerome (pi ) ; while the layers of cells lying between 
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the derraatogen and plerome are called the periblvm (p*). In the 
same figure may be noticed the uniformity with which the dividing 
walls of the different layers intersect at right angles. This arrange- 
ment was regarded by Sachs as characteristic of the whole plant 
structure. The anticlinal walls at l ight angles to the surface form a 
svstem of orthogonal trajectories for the periclinal walls. 

While Sachs regarded the insertion of new cell walls at right angles to pre- 
existing ones as the principle of their succession, Bkrthold and Ecu aka ( 88 ) have 



Fig. loe. Median longitudinal section of tin* apex of a root of I'U ris rretica. 
t , Apical cell ; k, initial cell of root-cap; k>\ root-cap. (x 240.) 


endeavoured to show that the curvature and mode of insertion of a partition wall 
obey the same laws as do weightless films of liquid. The cell wall tends at the 
moment of its origin to assume the same position as a film in*a mass of soap-suds 
would under similar conditions. 

True ROOTS are first found in the Pteridophytes, and possess an 
apical cell in the shape of a three-sided pyramid ( 80 ) (Fig. 166 , t). 
In addition to the segments given off by the apical cell parallel to its 
sides, it also gives rise to other segments (/.*) parallel to its base. It 
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is from the further division of these latter cap-like segments that the 
root-cap is derived. In the roots, as in the stems of the Lycopodinae , 
no apical cells are found. In like manner the roots of Phanerogams, 
although exhibiting several different types of root-growth, follow the 



l-’m. Median longitudinal section of the apex of a root of the Barley, Hordeutu vuhjare. h, 
Calyptrogcu ; d, dermatogen ; c, its thickened wall ; pr, periblem ; pi, plerorne ; eti, endodermis ; 
i, intercellular air-space in process of formation ; a, cell row destined to form a vessel ; r, 
exfoliated colls of the root-cap. (x ISO.) 


same law in the arrangement of their elements as the vegetative cone 
of the stems. It will, accordingly, be sufficient to describe a root of 
one of the Graminme (Fig. 167) as a representative of one of these 
types (°°). The vegetative cone of this root differs from that of the 
stem previously described (Fig. 165) in the possession of a root-cap. 
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The dermatogen (d) and periblen* (pr) unite at the kpex in a single 
cell layer, outside of which lies the calyptrogen (k) or layer of cells 
from which the root-cap takes its origin. In many other roots, 
however, the formation of tho rooL-cap results from the perielinal 
division of the dermatogen itself, which, in that case, remains distinct 
from the periblem. In the apices of Gymnospcims the dermatogen, 
periblem, and calyptrogen are not marked out as distinct regions. 
In roots, as in stems, the plerome cylinder (pi) almost always 
terminates in special initial cells. 

At a short distance below the growing point the embryonic tissue 
loses its meristematic character, and becomes transformed into the 
differentiated body of the plant. As a general rule, in plants with 
an epidermis, primary cortex, and central cylinder, the epidermis 
is developed from the dermatogen ; the primary cortex from the 
periblem ; the central cylinder from the plerome. This differentiation 
of the tissues does not take place in all cases ; and, in fact, does not 
extend to the embryonic tissue, the peculiar cell arrangement of which 
is due rather to physical causes. The vascular bundles must pass 
through the periblem in order to reach the leaves. The periblem is 
therefore capable of producing, not only the primary cortex, but also 
the vascular bundles and accompanying tissues of the central cylinder. 
The terms dermatogen, periblem, and plerome are employed merely 
for convenience to designate certain cell layers, and are not to be 
regarded as significant of any peculiar histogenetic or tissue-forming 
ability. The external layer from which the epidermis develops usually 
remains a single cell layer. The rudiments of the still undeveloped 
vascular bundles soon appear in the central cylinder as procambium 
strands ; while the endodermis of roots is derived at an early stage 
from the innermost layer of the cortex. 

In stems with apical cells the rudiments of new leaves and 
SHOOTS are developed from single peripheral cells, or cell groups of the 
vegetative cone (Fig. lfltt). In such cases, not only the new shoots, 
but even the leaves, usually begin their development with an apical 
cell. The apical cells of the leaves, however, soon disappear, and 
further growth proceeds along their whole margin. 

In a stem with no apical cell (Figs. 17, 165) the rudiments of 
the leaves and new shoots first appear as small protuberances, the 
formation of which is generally initiated by the perielinal division of 
a group of periblem cells ; while, in the meantime, the cells of the 
overlying dermatogen continue their characteristic anticlinal divisions. 
In the case of new shoots developing at some distance from the 
growing point of the parent stem, the cells from which they are 
destined to arise retain for that purpose their original embryonic 
character. In spring the formation of the buds on the rapidly 
growing shoots of bushes and trees may be postponed, so that the 
rudimentary lateral shoots first appear in the axils of the eighth or 
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even the tenths ’youngest leaves, and consequently at points where 
the differentiation of the surrounding tissue has already begun ( 91 ). 

The vegetative cone, in the case of strictly dichotomously-branch- 
ing shoots (cf. p. 19), increases the number of its cells in the direc- 
tion of the plane of the subsequent bifurcation, and eventually gives 
rise to two new growing points. 

With the exception of those Pteridophytes , whose roots as well as 
stems are dichotomously branched, the branches of the roots arise in 
acrof>etal succession ; and their branching first begins in regions con- 
siderably removed from the growing point, and where the differentia- 
tion of the tissues is already complete. In Phanerogams new roots 
are developed in the pericycle : in Pteridophytes in the innermost 
cortical layer. The lateral roots must consequently push through the 
whole cortical layer of the parent root. They are situated either 
directly in front of >the vascular strands of the parent root, or between 
the xylem and phloem strands. The number of rows of lateral roots 
is, therefore, as Van Tieghem ( 92 ) has pointed out, either equal to 
or double the number of vascular strands. As the strands of the 
vascular bundles of roots take a straight course, the lateral roots must 
similarly form straight rows. The distances between the rows them- 
selves are equal, or when the lateral roots are situated to the right 
and left of each vascular strand, the rows are arranged in pairs with 
wider intervals between each pair. 

Inasmuch as a multicellular plant begins its development as a 
single cell, either from a spore or fertilised egg, and then gradually 
passes into its multicellular condition with corresponding internal and 
external differentiation, IT REPEATS IN ITS ONTOGENY THE STEPS OK ITS 
phylogenetic development. These phylogenetic processes, however, 
undergo material modification in the course of the ontogenetic develop- 
ment of a plant. The internal modifications are in some respects less 
marked than those experienced by the external organs, because the 
internal inherited structure is less subject to the disturbing action of 
external influences. The ontogeny of the internal differentiation of 
a plant is on this account often of service in determining its relation- 
ships. In most cases, it may be safely said that every change in the 
internal differentiation of an organ is of more general significance the 
earlier it manifests itself in the development of the embryo, and the 
nearer it occurs to the growing point in which the embryonic develop- 
ment is continued. Conversely, a characteristic is so much the more 
significant for the determination of immediate relationships, the later 
it makes its appearance in the ontogenetic development. 

Structural Deviations ( 93 ) 

Plants, even of the same species, never exactlj r resemble each 
other. Every individual organism has its own peculiar characteristics 
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by Which it may easily be distinguished from every other of the same 
species. To a certain extent individual variability may be due to 
atavism, or the reappearance of previous ancestral qualities. Most 
individual deviations belong, however, to the so-called fluctuating 
variations. These occur in all species, and may be compared to the 
excursions of a pendulum to cither side of its position of equilibrium. 
Besides these fluctuating variations, a progressive change of the species 
is also met with, which finds its expression in a common deviation of 
the individuals. This has been termed mutation by Hugo de Vries 
( 9i ). Individuals which have deviated in this way are as a rule 
characterised by the change affecting their whole organisation, and not 
single organs only. The changes tend, moreover, to be strongly 
inherited. Abrupt and striking deviations of the individual from the 
type of the species are called monstrosities. When these induce a 
disturbance of function a diseased condition results. The causes of 
variations, mutations, and monstrosities lie in the organism itself, and 
for the most part remain obscure. In other cases they are determined 
by external influences, and then may sometimes be subjected to 
experimental treatment. As an example of variations occasioned 
HY INTERNAL CAUSES mav be cited the SO-called RUD- VARIATIONS, 
which result in the abnormal development of single shoots. In like 
mariner a variation in the number of the members of a floral or leaf 
whorl may occur as a result of internal causes ; thus, for example, 
/'arts (juarfrifnlia. occasionally exhibits a hexamerous instead of a 
tetramerous symmetry. The internal structure of a plant may like- 
wise be disturbed, and the development of its vascular water-courses 
or of its mechanical elements become considerably altered. In many 
cases variations are, no doubt, the result of changes in the mode of 
nutrition ; this fact has been taken advantage of by horticulturists to 
bring about certain wished-for results. Among EXTERNAL CAUSES OF 
variations the influence exercised by parasites upon the development 
of the whole plant is particularly striking. Euphorbia (Jyparisdas, 
when attacked by a rust fungus ( Ao ulium Euphorbia 0), becomes sterile, 
remains unbranched, has shorter and broader leaves, and in its whole 
appearance is so changed as scarcely to be recognisable. Plant lice 
sometimes cause a flower to turn green, so that instead of floral leaves 
green foliage -like leaves appear. Another peculiar example of 
abnormal growths are the calls or ckcidia produced on plants by 
Fungi, or more frequently by insects. The effect of these formations 
on the normal development of the tissues of a plant is more or less dis- 
turbing, according to their position, whether it be in the embryonic 
substance of the growing point, or in the tissues still in course of 
differentiation, or finally in those already developed. The larva? of 
Crcidomyia rosaria live in the growing points of willow stems, and 
occasion a malformation of the whole stem by the production of galls 
known as “willow-roses.” Flies (Diptmi) often deposit their eggs in 
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the tissues of partially developed leaves, in consequence of which the 
leaves become more or less swollen and twisted. After the leaves of 
the Oak have attained their full growth they are often stung by a 
gall-wasp of the genus Cynips. Thfe poison introduced' by the sting, 
and also by the larvae hatched from the eggs deposited at the same 
time, occasion at first only a local swelling of the leaf tissue, which 
finally, however, results in the formation of round, yellow, or. red 
galls on the lateral ribs on the under side of the leaf. As galls 
materially differ from one another according to the nature and cause 
of their formation, it is generally possible to determine the insect or 
Fungus by which they were induced. As an explanation of malforma- 
tions which originate in the plants themselves, some exciting cause 
must be presumed which turns the processes of development from their 
usual course. * The earlier such an influence makes itself felt in the 
rudiments of organs the more severe is its effect upon their develop- 
ment. When the embryonic substance of the growing point is affected 
by such an influence, altogether unexpected modifications of the usual 
order of growth may result. As the embryonic substance of the 
growing point is of itself capable of producing all such forms as are 
peculiar to the species, instead of a flower a vegetative shoot may be 
developed, or the growing point of a root may continue its further 
development as a stem. Leaves, even when somewhat advanced in 
growth, may under changed conditions vary their usual character, par- 
ticularly within the limits of their possible metamorphosis; for example, 
the staminal and carpellary leaves of a flower may thus become trans- 
formed into additional perianth leaves. The later the rudiments of 
an organ are acted upon by a disturbing influence, so much the less 
far-reaching are the modifications which it produces ; and thus inter- 
mediate forms between two organs may be produced which correspond 
more or less closely to one or the other of them. Finally, through the 
capability of a fully- differentiated tissue to renew, as a secondary 
meristem, its embryonic condition, an organ of an entirely different 
morphological value may be produced instead of one already in process 
of formation ; in this way, for example, a shoot may take the place of 
a spore capsule. Consequently neither the abnormal interchangeability, 
at times manifested between morphologically different members, nor 
the development of intermediate forms between • them, can be con- 
sidered as proof of their phylogenetic connection. Malformations 

ARE, ACCORDINGLY, NOT TO BE ACCEPTED AS EVIDENCE IN MORPHO- 
LOGICAL QUESTIONS, EXCEPT IN THE RAPE CASES WHEN THEY MAY 
BE CONSIDERED AS A REAPPEARANCE OF ANCESTRAL QUALITIES. 
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Plants, like animals, are living organisms. Beginning their develop- 
ment with the simplest structure, and increasing in size from internal 
causes, they assume their definite form and complete their existence 
according to laws determined by inheritance. Surrounded by a world, 
which differs very widely from them as regards chemical constitution, 
they produce the substances necessary to their growth from the raw 
materials afforded by the environment. To this end the different parts 
of their bodies are enabled by independent movements to take such 
relative positions as are most favourable to their mode of growth. In 
spite of the number of individuals and the limited duration of life, the 
continuance and extension of the speeies are provided for by an ability 
to reproduce like organisms. 

NOURISHMENT, iMmi’KNOKXT CltoWTH, POWER OF MOVEMENT, and 
reproduction aie, tofPthcr with respiration, the striking attributes 
which characterise plants as living organisms, and distinguish them 
from all lifeless bodies. 

An organism consisting of but one cell, as is shown by the life of 
the simplest plants, is capable of exercising all the functions necessary 
for the continuance of its existence. In the case of plants, however, 
which consist of many hundreds or thousands of cells arranged in three 
dimensions of space, it is impossible, for purely physical reasons, that 
all the cells should bear the same relations to the outer world. The 
cells in the interior must exist under conditions altogether different 
from those which are in direct contact and intercourse with the world 
outside. Consequently, the differently arranged elements must be 
adapted for different modes of life, and, since they must exercise their 
functions in different ways, must show' what is called differentiation. 

This necessary division of labour has led to the development of 
external organs and internal structures wonderfully adapted to the 
requirements of the whole plant. Correlated with the various Classes 
and relationship of plants, there are certain differences as regards 
form and function. But, in all plants, those organs to which the 
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same functions are assigned have assumed the form most efficient 
for their purpose j so that, for example, the leaves and roots of plants 
otherwise most dissimilar are constructed on the same general plan. 
In proof of this may be cited the general terms leaf, root, stem, and 
flower, the comprehensiveness of which is even more evident in popular 
speech than in the technical language of Botany, which has given to 
these terms a more strictly defined and limited meaning. 

Similarity in the appearance and structure of organs indicates the 
exercise of common functions and duties ; while dissimilarities in the 
form and structure of different organs — such as the leaf and root — are 
indicative, on the other hand, of their different utility to the plant. 
There lies, then, in the morphological and anatomical development of 
an organ an unmistakable proof that it exists because of its function, 
and that it is not of accidental origin. 

The attributes and functions of organs, as well as of single cells, are 
the subjects of physiological study. It is evident, however, that such 
study must be based upon an intimate knowledge of the outer and 
inner structure of plants ; just as the working and efficiency of a 
machine first become comprehensible through a knowledge of its con- 
struction. On the other hand, the study of external and internal 
Morphology becomes animated by Physiology, and attains thereby a 
deeper purpose and meaning. 

It is the province of Physiology to discover the points of corre- 
spondence among the numerous individual phenomena, and to bring to 
light such as possess an essential functional significance. On the 
other hand, it is the variations, or family peculiarities, which are of 
value in Systematic Botany, since from them a knowledge of family 
relationships may bo derived. For example, it suffices for the 
physiological conception of flowers to know that they are the organs 
of sexual reproduction in higher plants ; that the male cells are 
somehow developed from the pollen formed in the anthers ; that from 
the female cells enclosed within the ovules, after their union with 
male colls, the embryos or rudimentary plants are derived. These 
important facts are equally true for all flowers, no matter how 
dissimilar they may appear. 

Physiology considers peculiarities of form in so far as they are of 
service for special purposes arising from the relation of the plant to 
its surroundings (Pollination, Distribution of Seeds, Water-plants, 
etc.). This side of physiology is termed imology, or better (Ecology, ' 
since the funner term is often applied to the science of living beings 
in general. ? 


The Physical and Vital Attributes of Plants 

With the exception of the more or less fluid developmental stages 
in some id the lower organisms, as in JimUi or the plasmodia°of 



SECT. II 


PHYSIOLOGY 


159 


Myxomycetes, plants, in spite of the great amount of \vater contained 
in them, are of the nature of solid bodies. As such they possess in 
common with inanimate objects the physical attributes of weight, 
density, elasticity, conductivity for light, heat, electricity, sound, etc. 
Important as these attributes are for the very existence and continu- 
ance of the life of a plant, they do not constitute that life itself. 

I Vital phenomena are essentially bound up *vith the living 
[ protoplasm. No other substance exhibits a similar series of remark- 
able and varied phenomena, such as we may compare with the 
attributes of life. As both physics and chemistry have been restricted 
to the investigation of lifeless bodies, any attempt to explain vital 
phenomena solely by chemical and physical laws could only be induced 
by a false conception of their real significance, and must lead to fruit- 
less results. The physical attributes of air, water, and of the glasses 
and metals made use of in physical apparatus, can never explain 
qualities like nutrition, respiration, growth, irritability and repro- 
duction. It would, indeed, be superfluous to emphasise the fact, were 
it not that this error is from time to time repeated. 

The phenomena of life can only be studied and determined by the 
most careful observation and critical examination of living organisms. 
It is therefore necessary to establish what part the purely physical and 
chemical properties, which belong to all bodies, take in the phenomena 
of life, and to what extent they are essential to the maintenance of 
life itself. A perception of the strictly physical and chemical processes 
going on within an organism is especially' desirable, because operations 
are then involved with the causes and effects of which we are already' 
familiar. In questions regarding strictly vital phenomena the case is 
quite different ; for it then becomes impossible to predict what effect 
a particular cause will produce. 

Tin* five* end <»! a horizontally extended flexible rod Lends downwards merely by 
its own weight. The same tvsnlt will f'< l low if any part of a dead plant, such as 
a dry stem, be substituted for the rod. But if a living, growing stem be used in the 
experiment, then the action of gravity will manifest itself in a manner altogether at 
varianoe with its ordinary operation. That part of the stem which is still in a state 
of growth will ultimately curve upwards, and iiy its own activity assume an 
upright position' ; it moves in a direction exactly contrary to the attractive force 
of gravity. If a tap-root be similarly experimented upon, it will, on the contrary, 
continue its downward movement until it places itself in a line with the direction of 
the attraction ; a rhizome, however, under like circumstances, would constantly 
maintain its growing apex in a horizontal position. In these three experiments the 
force of gravity is exerted upon flexible portions of plants. The physical conditions 
are the same in each case, vet how entirely different the results ! 

The explanation of this dissimilarity in the effects of the action 
of gravity is to be sought in the fact that gravity acts upon living 
substances, not only physically but also in another way, as a stimulus 
which induces a response in the internal forces of the plant body. In 
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these particular, experiments it is the force of growth which, locally, 
either increases or restricts the force of gravity, and produces results 
which do not cdtrespond either qualitatively or quantitatively with the 
known operations of the laws of gravity. Living substance is dominated 
by the operation of stimuli. Irritability is its most important attribute, 
for it is irritability alone that renders possible what we call life. 

By irritability is meant the undoubted, though not fully under- 
stood, connection between external stimuli and the response of a 
living organism.. The disproportion that may exist between a 
cause and its ultimate effect is plainly apparent in a steam engine 
in motion or in the firing of firearms. The slight pressure of the 
finger in firing a cannon has as little correspondence, either quantita- 
tively or qualitatively, with the destructive effect of the shot, as the 
small effort necessary to open the throttle-valve of a locomotive to 
the continuous motion of a heavily-laden goods train. The opening 
of the valve of an engine before the steam is up has no effect ; it is 
only when, by this process, tin* compressed steam is liberated that it 
is followed by such enormous results. In the engine the connection 
between the cause and its effect is known ; in the effects of stimuli on 
protoplasm this connection is not apparent, for in the protoplasm 
the intermediate processes remain invisible to the eye, even when 
aided by the best, microscope. There is, however, no occasion for 
the supposition that the connection between the stimulating cause 
and its effect on the protoplasm is accomplished by processes which 
are otherwise foreign to the protoplasm itself, and which are called 
into existence only under the influence of a special force, the vital 
force. It, was formerly thought necessary to ascribe not only all 
indications of life, but even all the transforming processes carried on 
within animate objects, to the effects of a special vital force or prin- 
ciple. Now, however, the conception of the vital processes has become 
so modified as no longer to require the supposition of such a special 
vital force ; while the impossibility of explaining the manifold variety 
of their manifestation by the action of a single force, and the advances 
made in chemistry (cf. p. 5), have shown the futility of such a 
supposition. 

Although, at the present time, the existence of a special, in- 
dfpcmlent vital force is denied by Physiology, and only such agencies 
are accepted as are inherent in the substance of an organism itself, 
still we must at the same time take account of such a vital force in so 
far as it may be regarded as the expression of a living substance, 
endowed with a peculiar, internal structure, which is in some way so 
constituted that certain actions and conditions are followed by definite 
vital processes. It is, then, this peculiar quality of irritability that 
distinguishes living protoplasm from other bodies, and which constitutes 
the fundamental distinction between living and dead protoplasm. 
Such a view is, however, not contrary to accepted ideas ; simple 
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chemical bodies, indeed even chemical elements, such as sulphur, 
phosphorus, etc., exist in different modifications ” with fundamentally 
different peculiarities. In considering living organisms, it is the 
irritability or living modification of the protoplasmic substance which 
must occupy the attention. The object, therefore, of Physiology 
consists principally in discovering the attributes and characteristics 
incident to the modifications of living protoplasm. 

These attributes and characteristics are so distinctive as to separate 
by a wide gap living bodies from all other matter. It is, in fact, 
impossible to form any conception of the manner in which living 
bodies have arisen on this once molten planet from lifeless matter. 
Acceptance of the theory of evolution authorises, it is true, the transfer 
of the inception of life on the earth to geological periods separated by 
millions of years from the present time ; but the initiative character of 
such dawning life remains no less incomprehensible. From a con- 
sideration, however, of the attributes of the Irving substance, it can 
with safety be said that the external conditions of life could not at 
that time have been so very different from those now existing on the 
earth ; for it is a characteristic quality of living matter that its vital 
activity, even its very existence, is circumscribed and limited by ex- 
ternal, cosmic influences. The vitality of vegetable protoplasm can 
only be preserved within a definite range of temperature, while its full 
vital activity is restricted to still narrower limits. Too intense light 
or too little warmth destroys its life : while the most minute quantities 
of certain poisons suffice to shatter instantly and irrevocably that 
mysterious structure, in which, under favourable conditions, lies eon 
cealed the capacity to vivify the whole world. 

Although living plants are themselves responsible for the manner 
in which their vital phenomena manifest themselves, they stand,' 
nevertheless, in the closest reciprocal relations with their environment, 
upon the condition of which they are altogether dependent. From 
the outer world they obtain not only their nourishment, but receive 
also from it, particularly from the vibrations of light and heat, the 
energy that they again expend in the manifold processes of their vital 
phenomena. It is to the operation of these external influences that 
the stimuli are due, which constantly call forth in vegetable protoplasm 
the manifestation of vital phenomena. These external influences, 
however, are only serviceable to the processes of life when they 
operate within definite limits of intensity. The lowest limits of 
intensity for the effective operation of an external influence is 
designated the minimum, the highest the maximum, while that degree 
of intensity at which it is most operative in calling forth the most 
active manifestation of a definite vital phenomenon is termed the 
optimum. For the different vital processes of the same plant, and 
also for those of distinct plants, these so-called cardinal pointb 
are generally different. 
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The cardinal points for the vegetation of cold climates are on the average much 
lower than those of ^plants inhabiting temperate or tropical countries. The distribu- 
tion of plants nmr^the surface of the earth is thus to a considerable extent dependent 
on their cardinal points. The highest are not, however, possessed by tropical plants, 
but by small Algte and Bacteria which inhabit hot springs, the water of which has 
a temperature of 70°-80° C. The albumen of a hen’s egg is quickly coagulated by 
the water in which these plants find their suitable habitat. Some thermogenic 
Bacteria can raise their own temperature to 70° C., and even higher. 

Some plants flourish best when exposed to bright sunlight, while the shade- 
loving plants only attain their perfect development in a subdued light, such as that 
of a forest. Not only does the intensity of the required illumination differ for 
different species of plants, and also for individuals of the same species, hut it may 
he inconstant even for the same plant. Shade is absolutely essential for many 
tropical plants in a young state, although at a later age they can endure and may 
even require the full light of the tropical sun. 

On exposure to a low temperature, about the freezing point of water, most plants 
become frozen and generally die. Very sensitive plants may even become frozen at 
a temperature considerably above zeio, before ice has been formed in their tissues. 
In the case of other plants the internal formation of ice in their tissues does not of 
itfatf occasion death. The formation of ice always begins in the intercellular spaces 

not within the cells. Its continued formation is accompanied by an increasing 
concentration of the cell sap ; as a consequence of this, ice first begins to form in 
plants at a temperature below zero, and only gradually increases in case of a greater 
reduction of temperature. Such plants as inhabit Arctic and Alpine regions are 
able to recover from the completely frozen condition. The power which the lower 
organisms have of withstanding extremely low temperatures is very striking. In 
Pictet’s investigations Dialomaceae were found to sustain a long exposure to a 
temperature of - 200° C. ; MacFadyen and others have shown that many Bacteria 
can endure a week’s exposure to 250 J of cold produced by means of liquid air and 
hydrogen ( , ). 

A sudden change of temperature leading to the complete thawing of frozen plants 
is more favourable than repeated transitions from freezing to thaw. A long, keen 
frost is therefore, as a rule, less injurious to vegetation than a less severe frost alter- 
nating With frequent partial thaws. 


I. The Stability of the Plant Body 

One of the most important and essential physical attributes of a 
plant is its rigidity. Without that quality plants could retain no 
enduring form. The capacity to return, by their own independent 
movement, to favourable positions from which they may have been 
forcibly disturbed by external influences, is, in trees and shrubs, and 
also in the more rigid herbs, restricted to the extreme tips of the 
growing stems. 

How great are the demands made upon the stability of plants will 
be at once apparent from a consideration of a rye haulm ; for although 
it is composed of hundreds of thousands of small chambers or cells, 
and has a height of 1500 mm., it is at its base scarcely 3 mm. in 
diameter. The thin stems of reeds reach a height of 3000 mm. with 
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a base of only 1 5 mm. diameter. The height of the reed exceeds by 
two hundred times, and that of the rye haulm by five hundred times, 
the diameter of the base. In comparison with these proportions our 
highest and most slender buildings, suph as tall chimneys, are extremely 
thick structures ; in them the height is only from twelve to seventeen 
times the diameter of the base. In addition, moreover, to the great 
disproportion between the height and diameter of plants, they are 
often surmounted by a heavy weight at the summit ; the rye straw 
must sustain the burden of its ears of grain, the slender Palm the 
heavy and wind-swayed leaves (which in ljjd'Uieea Srchellannn have a 
length of 7 m. and a breadth of 3-4 m.), while in the case of the Cocos 
palm the considerable weight of the bunches of fruit has also to be 
considered. 

In plants, however, the rigid immobility of a building is not 
required, and they possess instead a wonderful degree nf ELASTICITY. 
The rye straw' bends before the wind, but only to return to its 
original position when the force of the wind has been expended. 
The mechanical equipment of plant bodies is peculiar to themselves, 
but perfectly adapted to their needs. The firm but at the same time 
elastic material which plants produce, is put to the most varied uses 
by mankind ; the wood forms an easily worked yet sufficiently durable 
building material, and the bast fibres arc employed for a variety of 
economic purposes. 

In young steins and plants, in which the stiff but elastic wood ami 
selercnchymatous fibres are not developed, the necessary rigidity cannot 
be attained in the same wav as in the older and woody stems. But 
although the principal component of such young stems is water (often 

per cent or more), they maintain a remarkable degree of rigidity 
and elasticity through the elastic tension of their extremely thin and 
delicate cell walls. 

Turgldity. — When air or water is forced, under pressure, into an 
elastic receptacle such as a rubber tube, the walls of the tube become 
stretched and the tube longer and thicker. By this process the tube 
becomes just so much stiffer and farmer the greater the internal pressure 
and the more elastic and thinner its wall. By the similar tension of 
their elastic cell walls arising from internal pressure, the rigidity and 
elasticity of thin-walled plant cells, and organs composed of them, are 
maintained. The cellulose avails of parenchymatous cells are, in spite 
of their delicate structure, exceedingly firm and, at the same time, 
elastic ; when distended, therefore, by a strong internal pressure they 
exhibit physical properties similar to those of a rubber tube. In order 
to understand how such an internal pressure, actually existing within 
a cell, can arise, it is necessary to take into consideration the physical 
phenomenon of osmosis, first investigated by tbe botanist Duthochet, 
and later more particularly studied by Pkeffkr and I)E Vries ( 2 ). 
I disregarding the recent and as yet merely theoretical views, according 
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to which osmotic pressure, like that of steam, is supposed to be derived 
from the impact of motile, isolated molecules or ions against the walls, 
it will be assum!d\hat osmosis is due simply to the mutual attraction 
of small particles of solid matter and their solvents. It depends also 
on the molecular attraction which converts solid bodies into solutions, 
and which so operates that the dissolved substances become uniformly 
distributed throughout the solution. 

When two solutions of unequal concentration are separated by a 
membrane which is equally permeable to both, an attraction and 
'diffusion of both liquids will take place through the separating mem- 
Jbrane. If, however, the membrane is more easily permeated by one of 
I the solutions than by the other, then a larger quantity of the one 
j than the other will pass through it ; and, in case the membrane is only 
{permeable for one solution, that one alone will be drawn through it. 
If a pig’s bladder be filled with a solution of common salt and then 
immersed in water, the flow of water into the bladder is more rapid 
than the outflow of the salt solution, and in consequence, an internal 
pressure is exerted within the bladder sufficient to expand it to a hard, 
rigid body. 

A pressure similar to that arising from the osmotic attraction of 
the salt solution is produced in plant cells by the substances, particu- 
larly organic and inorganic acids, salts and sugars, held in solution in 
the cell sap. The living protoplasm of the cell does not allow any of 
the substances dissolved in the sap to pass out except such as escape 
through the diffusion taking place between the cells themselves. In 
this process a constant transmutation and transformation of the cell 
substances occurs, but, as may be observed in cadis with coloured cell 
/sap, these are held in by the protoplasm, and in particular by the 
■ protoplasmic membrane. These substances, however, draw in water 
through the cell walls and the protoplasm, and so set up a pres- 
sure within the cells often as high as ;t-f> atmospheres. In some 
instances this pressure may amount to 10, l.*>, and 20 atmospheres 
(c.f/. cells of the cambium and medullary rays of trees). Thus a 
tension is created which frequently exceeds that exerted by the steam 
of the most powerful locomotives. Through the force of such a tension 
the cell walls become so distended, that cells under the influence of 
this pressure or tukoiwty become longer and larger than in their 
uuexpanded condition. 

When, from any cause, the quantity of water in such a turgesccnt 
cell is diminished the internal pressure is naturally decreased, and the 
cell walls, the distension of which may have amounted to 10-20 
per cent, shrink together again. The cell grows smaller, and, at the 
same time losing its rigidity and elasticity, becomes soft and flaccid. 

This condition occurs from natural causes when a succulent plant 
loses more water by evaporation than it can replace, and, in conse- 
quence, becomes flaccid. Such a flaccid plant plainly shows that the 
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rigidity is not maintained by its fa me work of cell walls, but by the 
hydrostatic pressure within the cells, for with a more abundant water 
supply it returns to its original condition. 

In addition to loss by evaporation, water is also withdrawn from 
cells by the same molecular force which causes the internal or endos- 
motic pressure. In cases where the cells are surrounded by a solution 
which exerts an attraction upon water, the 
turgidity of the cells is proportionally weakened, 
and, if the force of the exosmotic pressure is 
sufficient, it may be altogether overcome. On 
account of the consequent plasmolvsis, or the 
contraction and separation of the protoplasm 
from the cell walls, occasioned by the withdrawal 
of water, the tension of the cell walls is de- \ 

creased, and the cell becomes flaccid and col- ^ 

lapses (Fig. 1 (>H), although completely surrounded \ 

by an aqueous solution. ^ 

If placed in pure water, however, the previous tur- 
gcscenee of the colls ran he restored, that i«, if their 
protoplasm has notlycn too strongly affected by tin* action 
of the solution. If tin; protoplasm has been killed in the 
process, it heroines perinea hi.* to water, and it is no longer 
possible ,ato set up an internal pressure. Fresh seel ions 
of Beets or Carrots, placed in water, give up nono of their 
sugar or colouring matter ; hu; after the protoplasm has 
been killed, the sugar and colouring matter at once escape 
into the surrounding water, and the sections lose their 
lir Blows and 'igidity. 

On the other hand Fungi or marine plants, when placed 
in a weaker saline solution or in ftesh water, have the 
internal pleasure of then cells increased. This may even 
lead to the rupture of the ceH wall. 

Through a kmnvlclge of ihe strength of a solution 
necessary <o produce plasmolvsis, a means is afforded of 
measuring the internal pirssiin within* plant cells. For 
example, if a solution of *alt]»etr<‘ with an osmotic pres* 
surc of £> atmospheres <a 1 per cent solution, according 
to Peekkeh'k investigations, gives rise to a pressure of about *U atmos]»here.s) is just 
suflicient to overcome the turgidity of a plant cell (which in the case of stretched 
elastic cells shows itself by the limit of contraction being reached), then, conversely, 
the cell sap exerts upon water an equivalent endosmotic pressure. The force 
required to forcibly stretch a flaccid or plasmolysed organ to its original length 
furnishes also a rough means of estimating the pressure developed in turgesccnt 
tissues. 



Flu. 108. intcrnodul cell of 
Xitrlln. F. Fretdi and tnr- 
-iCHcont ; p, with turgor 
reduced, llar.rid, shorter 
and Ninallcr, the proto* 
plasm separated from the 
e«-ll walls in folds ; #w, 
lateral segment s. ( f'ircu 
«*) 


In the tension produced by turgidity we see how purely physical 
processes determine the rigidity of plants. These physical processes 
are, however, dependent upon the vital functions of plants, inasmuch 
as they can only be called into action by living protoplasm, i living 
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plant cells have thus power to regulate the physical effects of osmotic 
pressure by increasing or diminishing, or even suddenly overcoming 
their turgidity (cf. Movements of Irritability). It will also be 
apparent, in considering the operation of other physical forces, that 
the primary and essential result of the vital action is to give rise to 
the operation of physical processes, to favour, constrain, or vary them 
in such a way that they become of service to plant life. 

Tension of Tissues. — The rigidity of parenchymatous tissue 
although to a large extent dependent upon the tension arising from the 
turgidity of its '"dividual cells, is nevertheless considerably enhanced 
by the opposing pressure between the inner and outer tissue systems, 
in particular, between the pith and the epidermal and cortical tissues. 
The pith in this case represents the cell sap, as it is continually 
striving to increase its volume ; the epidermal and cortical layers, on 
the other hand, by the pressure of the internal pith cylinders, are 
stretched and distended, just as are the cell walls by the osmotic pres- 
I sure of the cell sap. The tension thus arising from the mutual resist* 
I ance of different tissue systems acts upon the various plant organs 
\ like the turgidity of the single cells, ami keeps them firm and rigid. 

The tension of tissues is easily demonstrated by removing a strip 
of the peripheral tissue from a piece of a turgescent stem (of a Sun- 
flower, Heluwfhus , for example), and cutting out the pith. It will be 
found that the outer tissue at once becomes shorter, and the pith 
longer than when they were both united in the stem. If the length 
of the stem experimented upon was r>0 cm., the cortical strip 
would shrink to 40 cm., and the pith lengthen to 60-70 cm. 

According to J. C. MCli.ku a pressure of ltt*. atmospheres would be needed to 
cause the isolated pith to resume its original length. 

From this experiment it will ho seen that the natural length of a stem represents 
the equilibrium maintained between the tendency of the pith to elongate and of the 
outer tissues to contract. The cortical tissue between the epidermis and the pith 
affords a transition between the two extremes of tension, the inner cell layers are 
compressed like the pith, and the outer layers stretched like the epidermis. The 
tension of tissues is also demonstrated by the fact that each strip of a fresh shoot 
which has been split longitudinally will curve outward, so that the pith forms the 
convex, the epidermis the concave side. 

There is often a great difference in tension even between the outer and inner 
layers of the tissue of hollow’ organs, such as the stalks of a Dandelion ( Tarcumcum 
ojficinalr), which, when split longitudinally, curl into helices of many turns, 
v»iH*c»aUy if placed in water. A tension exists wherever resistant and unequally’ 
strained tissues are in contact, and often occurs in parts of plants where it does not 
assist, as in the leaves ami stems, in maintaining tin* rigidity of the plant body. 
Longitudinal and transverse tensions occur, particularly when, through secondary’ 
growth, newly formed growing tissues have to overcome the resistance of other 
tissues. In this way the primary and then the secondary cortex of trees become 
greatly stretched by the now eambial growth, so much so, that if a ring of bark 
be removed from a stem and then placed round it, a force of ten atmospheres is needed 
to make the edges meet ; this was shown by’ an experiment of Krabbe. 
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In tlie meristematic tissues of growing points there is searoely any perceptible 
tension, while, on the other hand, in regions which are in a state of elongation the 
tension of the tissues attains its highest limit. After an organ has completed its 
growth the elasticity of the cell walls and the turgescence of the cells decrease ; and 
the tension of the tissues is therefore also diminished. The requisite rigidity is, 
however, provided for by special groups of cells with thickened and hardened walls, 
which thus constitute a firm framework for the other tissue * 3 similar to the bony 
skeleton of the higher animals. 

^Z^&echanical Tissues (Stereome) ( :J ). — The supporting framework 
of plants is provided by the thick-walled elements of the wood, the 
thickened sclerenehymatous fibres of the fundamental tissue and the 
bast, and more rarely by groups of stone-cells. The resistance which 
these forms of tissue offer when the attempt is made to cut or break 
them affords sufficient evidence of their hardness, tenacity, and rigidity. 
Moreover, S< hwkxden K it has been able to determine their mechanical 
value by means of exact physical experiments and investigations. 
According to such estimates, the sustaining 
strength of sclerenehymatous fibres is, in 
general, equal to the best wrought-iron or 
hammered steel, while at the same time 
their ductility is ten or fifteen times as 
great as that of iron, dust as the mechani- 
cal tissues of the internal framework of 
plants exhibit the physical properties most 
essential for their purpose, their arrange- 
ment, as Srnw kndknkr .-bowed, will also 
be found couallv well adapted to t he various 
ends in view, according as they may be 
required to withstand the strain of flexure, 
traction, or pressure. To withstand bend- 
ing, and to offer the utmost possible resist- 
ance to it, a peripheral disposition of the rigid 
mechanical tissue is the most favourable. 

When a straight rod (Fig. 1(59) is 
bent, the convex side elongates and the 
concave side contracts, that is, the outer 
edges (", and a') are exposed to the greatest variations in length, 
while, nearer the centre (*, i and i\ i') the deflection and conse- 
quent variations in length are less. Accordingly, if the support- 
ing skeleton of a plant stem be placed near the centre (*, i') y 
then a considerable degree of curvature is possible with but 
little flexure of the mechanical tissue. Nearer the periphery it 
would l>e subject to greater strain, and so offer a greater resist- 
ance to the deflecting force. In erect stems and flower -stalks, 

where rigidity is an essential requirement, the mechanical tissue is 
situated at the periphery, and often takes the form of projecting ridges 



j. 100. -t.ongitudinal section of an 
elastic cylinder before ami after 
curvature. Itefnre curvature the 
peripheral (e, «*) and central (/, i') 
vertical lines are oft he same length 
(:tl *4 nine). After curvature the 
peripheral linen’ istPiiimu. longer; 
the other peripheral line o 0*3 nun. 
shorter. At the an me time the 
central lines undergo hut little 
change of dimensions. 
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{Fig. 170, 1, 2)/ In roots, and in many rhizomes and stolons, as they 
must push drouitously between impeding obstacles, the skeleton 
system is central, as by this arrangement it is subject to less deflection, 




170. Disposition of m<‘chuni<*ul tiamn* to sfiMiir ligidity. Tntn.swisc sort ioiis, 1, of u young 
shoot of Sambimu* ; li, of tin* Moral shoot of Fry ngi n at , K, of a leaf of rhuninnm trunv; 4. ol‘ a 
root.; »\ collenrhynm; x. HohTonchyrna functioning as iiu*<*1iuiiicul tissm* (dimply shaded); </. 
gmm, and n\ colourless leaf parcuchynia : h, hyjio«h*ru:a. 


ami can more effectually sustain strains upon its longitudinal elasticity 
<Kig. 170, 4). Fig. 170, B represents a transverse section through a 

band-like l<*af of Phormimn te.iuu\ the New 
Zealand flax, which may reach a length 
of two metres ; it illustrates how such a 
leaf is strengthened by selerenchymatous 
plates and strands. The mechanical 
elements of this leaf aflbrd the strongest 
ships' cables. 

Where, however, pressure must be 
guarded against (as in Tlum-stones, and 
in Hazel and Walnuts), the mechanical 
inum, to show method of miuvinn resistance is maintained by an arching 
riKi<itt> folding tutd roiling, in nms8 0 f sclerotic cells, which, like scleren- 

Ihc oulsprettd nrgitii A. to witlndnml . 

U ,.r.- H »ur.- Mtin K >» til. .Hrwtiou of <nynmtous fibres, are often further 
ih<. »mi«r. only ih. thirkMin. <i i» strengthened by deposits of mineral 

tiuiihihlc, but in tho foMatl orgnn J{ - a*. 

the ihicknoHM />, and in Urn rolIM * 

organ the tiu. km^H r > ". Stent s of trees which have to sup- 

port heavy and frequently large crowns, 
must, like pillars, be constructed to withstand pressure and bending. 

AH such heavily thickened, inflexible skeletal elements have lost 
their capacity for growth, and cannot, therefore, be utilised in those 
jtarts of plants which are in an actively growing state. In such cases 
where greater rigidity is required than can be maintained by cell 
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turgidifcy and tissue tension, it i» secured by the development of 
collenchyma (p. 67). This tissue, according to Ambronn’s re- 
searches, in addition to its extreme resistance to tearing, possesses 
the power of elongating under 
the influence of the force of 
growth ( 4 ). The more capable 
it is of growth tne more it re- 
sponds to the growth in its 
neighbourhood. It forms, so to 
speak, the cartilaginous tissue 
of plants. 

Heller ( r> ) has shown that 
the plant is able to respond to 
a gradually increased demand by 
an increase in its rigidity due 
to the development of additional 
mechanical tissue. 

Since, as has already been 
pointed out, the resistance of 
the mechanical elements to flex- 
ure is greater the farther they 
are removed from the centre oi 
an organ, it will 1»«* readily seen 
that, while a flattened, outspread 
org.ui can he easily hent. if it 
wen* folded or rolled together, 
i r s power <*f resisting a defleet 
ing force would he increased, 
many leaves become plaited or rolled (Fig. 171), and so acquire a 
sufficient, rigidity without the assistance of any specially developed 
mechanical tissues. 

In addition to the rigidity of the individual organs of the plant, 
their arrangement and position are of importance for the stability of 
the whole organism. The lateral branches, which are normally 
arranged as symmetrically as possible, may he forced by bending 
them upwards or downwards to take on an elliptical cross-section or 
to form knee -like bends The lateral roots originate from the 
convex flanks of a main root which has been thrown into curves 
(Fig. 172), and act as stays, preventing the straightening of the root 
and the loosening of the hold of the root-system, which would result 
from this ( 7 ). 

II. Nutrition 

By nutrition are understood all £he processes of metabolism, or 
the chemical transformation and conversion of matter earned on 
by plants in the production and appropriation of their food -supply. 



I t*;. ]7:'. Yniui.- olnnt nf Ltijuit, lit** main root nf 
which lets Imcom** cun nl. Tint lateral root' 
have arisen mi tin* eon\**\ fnew nf tin* runes, 
«ti*l net hk .stays. 

In accordance with this principle 
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Without nourishment and without new building material no growth 
or development is possible. As the processes of elaboration and 
secretion are continuous, if the food-supply is not kept equal to the 
demands made upon it, the death of the organism from starvation 
must ensue, while a continuance of its growth and further develop- 
ment is only possible when there is a surplus of the elaborated food 
material. 

The Constituents of the Plant Body. — By means of chemical 
analysis the constituent substances of plants have been accurately 
ascertained. Ib requires, however, no analysis to realise that a part, 
often indeed the greater part, of the weight of a plant is derived from 
the water with which the whole plant is permeated. Water not only 
fills the cavities of living, fully-developed cells, but it is also present in 
the protoplasm, cell walls, and starch grains. By drying at a tempera- 
ture of 110 -120 C. all water inay be expelled from vegetable tissues, 
and the solid matter of the plant will alone remain. The amount of 
dried substance in plants varies according to the nature and variety 
of the plant and of the particular organ. In woody parts it con- 
stitutes up to 50 per cent of their weight, but in herbaceous plants 
amounts to only 20 or 30 per cent. In more succulent plants 
and fruits it makes up only 5-15 per cent of their total weight; 
in water-plants and Alga*, 2-5 per cent, while everything else is 
water. 

The dried substance of plants is combustible, and consists of 
organic compounds, which contain but little oxygen, and are converted 
by combustion into simple inorganic compounds, for the most part 
into carbonic acid and water. Tin* elements carbon, hydrogen, and 
oxygen form the chief constituents of the combustible dried substance. 
Next to them in quantity is nitrogen, which is derived principally from 
the protoplasm. After combustion of the dried substance of plants 
there always remains an incombustible residue, the ash, consisting of 
the mineral substances contained in the plant. As these mineral 
substances undergo transformation during the process of combustion, 
they arc found in the ash in different chemical combinations than in 
living plants. From numerous analyses made of the ash of a great 
variety of plants, it has been determined that nearly all the elements, 
even the less frequent, are present in plants. 

In addition to the four already named, the elements found in the ash of plants 
are sulphur, phosphorus, chlorine, iodine, bromine, fluoriue, selenium, tellurium, 
arsenic (which may he combined as a superphosphate in the soil), antimony, silicon, 
tin, titauiuin, Uirou, potassium, sodium, lithium, rubidium, calcium, strontium, 
barium, magnesium, /.inc, copper, silver, mercury, lead, aluminium, thallium, 
chromium, manganese, iron, cobalt, and nickel. 

Many of these elements, indeed, occur only occasionally and acci- 
dentally, while others — sulphur, phosphorus, chlorine, silicon, potassium. 
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sodium, calcium, magnesium, and iron — are met with* in almost every 
ash. As might be inferred from the irregular occurrence of many of 
the elements, they are not all necessary for nutrition, and although 
their occasional presence in a plant may sometimes change certain of 
its special characteristics (thus the presence of zinc produces the 
so-called calamine varieties, such as, for example, Thlaspi alpestre mr . 
ctdantinare, Viola lutea tar. calami nor in , etc.), they do not exercise a 
decisive influence upon its existence. 

The Essential Constituents of Plant Food. — Chemical analysis, 
while enabling us to determine the substances present in plants, doea 
not show how far they are essential for nutrition. From culture 
experiments, in which the plants are grown in a medium of which the 
constituents are known, and kept under chemical control, it has been 
ascertained that, in addition to carbon, hydrogen, oxygea, and 
nitrogen, which form the principal part of the combustible elements 
of the dry substance of plants, sulphur, phosphorus, potassium, 
calcium, magnesium, and iron are absolutely indispensable to the 
growth of all green plants. In the absence of even a single one of 
these elements no normal development is possible. 

According to M»i im it, only nine of these elements are required by the FungL 
It i- not, however, iron, :ts might he supposed, hut euleinin, that is unessential. 
On the other hand, tin* ten substances named suffice for the nutrition of most green 
plants ; hut it is not to he de nied tiiat certain either substances are of use in the 
plant economy and of advantage to growth, although not indispensable. Thus, 
h»r example, Puukwhcat nourishes better when supplied with a chloride, and the 
piesemc ol silica is advantageous as contributing to the, rigidity of the tissues. 

It has also bitu owovered that by the presence of certain substances, in them- 
selves of no nutritive value, the absorption of actual nutritive matter is increased 
(ef. p. 1 . 4 . In tlu ciis«* even ot the very poisonous copper salts, expoi ienco has 
taught that when they it e brought into contact, with the leaves (by sprinkling the 
plant-* v i tli solutions to pt* vent the inroads ol insects), they exercise a beneficial 
influence on the formation ol chlorophyll, and increase assimilation, transpiration, 
and the length of life. 

The nutritive substance* are, naturally, not taken up by plants 
as elements, but in the form of chemical compounds. CARBON, Ihe 
essential component of all organic substances, is obtained by all green 
plants solely from the carbonic acid of the atmosphere, and is taken 
up by the green leaves. All the other constituents of the food of 
plants are drawn from the soil by the roots. Hyurogen, together 
with Oxygen, is obtained from water, although the oxygen is derived 
also from the atmosphere and from many salts and oxides. Nitrogen 
is taken up by the higher plants only in the form of nitrates or 
ammonium salts ; certain Fungi, Alga*, and carnivorous plants, how- 
ever, obtain it in the form of peptone, amides, or even urea. As the 
ammonia of the soil formed by the soil bacteria (nitrite and nitrate 
bacteria, Stutzer’s Xitromicrobiion) from organic decaying matter is 
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transformed by* the help of other so-called nitrifying bacteria into 
nitrites, and eventually into nitrates, only the nitrogen combined in 
the nitrates need be taken into consideration ( 8 ). 


Bacteria, as contrasted with the higher plants, are particularly characterised by 
their attitude towards nitrogen. In addition to the bacteria, which, by their 

nitrifying capability, are of service to green 
plants, there are other soil bacteria which set 
free the nitrogen of nitrogenous compounds and 
thus render it unserviceable for the nutrition 
of given plants. On the other band, other 
forms of bacteria (e.g. Clostridium Pastcuria- 
>ium) convert the free nitrogen of the air into 
compounds which serve not only for themselves, 
but also for the higher plants as convenient 
nitrogenous food material. From the com- 
parison of the crops obtainable from plots of 
land with and without the addition of manure, 
•I. Ki v iin 1ms concluded that a very consider- 
able fixation of nitrogen takes place in the 
soil (*). 



XrLPiiiJK and Piiosriioitrs form, 
like nitrogen, important constituents of 
protoplasm. All proteid substances 
contain sulphur. The sulphur is taken 
into plants in the form o f sulphates ; 
phosphorus in the form ()f ])liospliates. 
Potassium, unlike sodium, is essential 
to plant life, and is presumably active 
in the processes of assimilation and in 
the formation of protoplasm ; it is intro- 
duced into plants in the form of salts, 
and constitutes .*1-:*) per cent of the 
weight of their dried substance. Mag- 
nesium, like potassium, participating 
in the most important synthetic pro- 
cesses of plants, is found in combination 
with various acids, particularly in reser- 
voirs of reserve material (in* seeds to 
the extent of *2 per cent) and in grow- 
ing points (in leaves only h per cent). 
Calcium also is taken up in the form of one of its abundant salts, 
and in considerable quantities (2-8 per cent). Calcium plays an 
important part in the metabolic processes of plants, not indeed 
as an actual constituent of protoplasm, but as a vehicle for certain 
other essential substances, and, through its capacity to form com- 
pounds, as a means of fixing and rendering harmless hurtful by-pro- 




Vu>. 1T.V- Wat -cult uit*n of f'uj/ojiio mu 
i wu le lit mu. t. In nutrient solution 
vontuminj; jmUtmsium; //., in nutrient 
solution without ixiUiHsimn, (Aft*'r 
Nohiik, mtuml.) 
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ducts. Iron, although of the greatest importance in the formation 
of chlorophyll, is present in plants only in small quantities. 

In order to determine the nutritive value of different substances 
the method of water-culture has proved particularly useful (Fig, 
173). In these culture experiments the plants, grown either directly 
from the seed or from cuttings, are cultivated in distilled water to 
which have been added certain nutritive salts. If all the essential 
nutritive salts are present in the culture solution, even larger plants, 
such as Indian Corn, Beans, etc., will grow f o full strength and 
mature seeds as well as if grown in earth. It is not necessary 
in these experiments to provide carbon compounds in the nutrient 
solution, as plants do not derive their carbon supply through their 
roots, but, with the help of their leaves, from the carbonic acid of the 
atmosphere. 

The young plants would grow for a time just as well in pure 
distilled water as in the nutrient solution ; but as the supply of 
nourishment stored in the seeds became exhausted, they would gradu- 
ally cease to grow, and die. If one of the essential constituents of 
plant food be omitted from the nutrient solution, although the young 
plants would grow better than in tiie distilled water, they would in 
time become abnormally developed. When, for example, a plant is 
grown in a nutrient solution containing all the essential food elements 
except iron, the new leaves developed are no longer green, but are of 
a pale yellow colour; they are “ CHLOROTIC,” and not in a condition 
to decompose the carbonic acid of the atmosphere and nourish the 
plant. Upon the addition, however, of a mere trace of iron to the 
solution the chlorotic leaves in a very short time acquire their normal 
green colour. 


So lon«r as tlu* accessary nutritive substances are provided, the form in which 
they are offered to the plants, as well us the proportionate strength of the nutrient 
solution (if n °t too concentrated), may vary. Plants have the power to take up 
these substances in very dilferent combinations, and are able to absorb them in 
other proportions than those in which they occur in the soil. In concentrated 
nutrient solutions the absorption of water is increased ; conversely, in very dilute 
solutions it is the salts that an chiell/ taken up. The presence also of certain 
substances often exerts an active and generally beneficial influence upon the 
capacity for absorbing other substances . thus, calcium salts increase the absorp- 
tion of ]K>tassium and ammonium salts. In order to avoid the poisonous effects of 
phosphates and salts of iron, when supplied in a soluble form, v. j>. Cju»ne( ,,> ) 


recommends the following nutritive solution : — 

Distilled water 1-2 litres. 

Potassium nitrate ..... 0*5 gramme. 

Ferrous phosphate . 0 '5 ,, 

Calcium sulphate 0*25 . . 

Magnesium carbonate .... u*2. r » 


A mixture of equal parts of ferrous phosphate and tri- 
in place of the ferrotis phosphate in the above formula. 


calcic phosphate may he used 
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The phosphates which are present as a fine powder in the solution become deposited 
on the surface of the roots of plants growing in the fluid. Plants are found to grow 
better in the above solution than in those used by Knoop and Sachs. The growth 
of Algae is hindered in tMs solution. 

As a most important result of such culture experiments, it has 
been demonstrated that only the ten elements already named are 
necessary for the growth of plants ; all other elements, although 
present in plants in large quantities, are of subordinate value to plant 
life. This is true, for instance, of sodium, which in combination with 
CHLORINE actually predominates in some plants, and occasions the 
characteristic development of many of the succulent salt-plants ; and 
also of SILICON, "which, as silica, is so abundantly deposited in the cell 
walls of many plants — Equisehicme , (trasses, Sedges, Diatoms (in the 
ash of Wheat-straw 70 per cent, and of E</ui<Haceae 70-97 per cent) — 
that, after combustion of their organic substances, it remains as a firm 
siliceous skeleton, preserving the structure of the cell walls. The 
hardness and firmness of the cell walls are so greatly increased by 
these siliceous deposits that some of the Equisetacme are even used for 
polishing and scouring ; while the margins of grass blades, from a 
similar deposition of silica in their cell walls, are often rendered sharp 
and cutting. The silicified cell walls of Diatoms occur as fossils, and 
form deposits of siliceous earth (Kieselguhr) in some geological 
formations. The value of the siliceous concretions, termed “ T aba- 
sheer,” that are found within the joints of Bamboo lias not, as yet, 
been satisfactorily explained. Aluminium, although like silica every- 
where present in the soil, is only in exceptional instances taken up by 
plants. Aluminium has been detected in the ash of Lycopodiaceous 
plants ; Lycopodium comjdunutum contains a sufficient quantity of acetate 
of aluminium to render the sap useful as a mordant. The same salt 
is found also in drapes. Oil the other hand, although scarcely a trace 
of iodine can be detected by an analysis of sea-water, it is found, 
nevertheless, in large quantities in sea-weeds, so much so that at one 
time they formed the principal source of this substance. 


The substances which, as culture experiments show, are not indispensable for 
the life of the plant, are, however, of use in so far as they can replace for some 
puqvoses (such as the neutralisation of free acids, etc.) essential elements of plant 
food. The latter are thus available for the special purposes for which they an* 
indispensable. Thus K can l*e partially replaced by Na, and Mg by Ca. 

It was first asserted by Bkkthoi.lkt (1803), and afterwards emphasised by 
LiKimi and V. Sckkmjki., that the mineral salts contained in plants, and once 
supposed to be products of the vital processes of the plants themselves, were essen- 
tial constituents of plant food. Conclusive proof of this important fact was how- 
ever, first obtained by the investigations of Wieumasn and Poj.sh»hff f 11 ). 

The actual proportions of the more important ash constituents of some well- 
known plants can he seen from the following table of ash analysis by Wolff ( 12 ). 
The table also shows exactly what demands those plants make iq>on the soil, that 
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is, what substance they take away from it, in addition to the nitrates which do not 
appear in the ash. 



Ash In 



100 Parts of Ash contain 




100 parts of 









dry solid 









matter. 

KyO 

Xn 2 0 : CaO 

MgO 

FeoOjt M 1 I 3 O 4 

P 20 5 

W>3 

Si0 2 > Cl 

' 

Rye (grain) . . 

2-00 

82T0 

1*47 j 2-04 

11*22 

1*24 ; .. 

47*74 

1*28 

1*37 , 0*48 

Rye (straw) . . 

4*40 

22-50 

l-74( 8*20 

3*10 

l-oi ; .. 

6*63 

4-25 

40*27 | 2*18 

Pea (seeds) . . 

2 73 

43-10 

0 ‘ 0 S 1 4*81 

7*00 

0*83 1 

35*90 

3-42 

0*01 : 1*50 

Pea (straw) . . 

via 

22 - 1*0 

4 C7 ! 36*82 

8-04 

1*7*2 : .. 

8*05 

6*20 

0-83 5*04 

Potato (tu tiers) . 

3-7!* 

00*06 

2*00 ! 2*64 

4*03 

1*10 ' . . 

10*80 

0-52 

2*04 8-40 

Grape (fruit). . 

5 TO 

50-20 

1*42 ! 10*77 

4*21 

0*37 . . ! 

15-68 

5*02 

2*75 1 1*52 

Tea (leaves) . . 

•V 20 

| 34-30 

10-21 1 14*82 

5*01 

5*48 ; .. 

14-07 I 

7*05 

5-04 1*84 

Coffee (beaus) . 

3 IP 

1 02 '47 

1-04 1 0-20 1 

i p-o«» 

0*65 ! .. 

13-20 

3-80 

! 0 54 0*01 

Tobacco (leaves) 

17T0 

20-00 

3-21 j 30-02 ! 

7*30 

1 *95 1 . . 

4-00 

0*07 

j 5*77 : 0-71 

Cotton (fibres) . 

1T4 

30-00 

13*10 J 17*52 1 

5*30 

0-60 1 .. 

10*68 

5-04 

1 2-40; 7*60 

Spruce (wood) . 

0-21 

10-60 

1*37 33*07 1 

11*27 

1*42 23*96 

2-42 

2*04 

2-73 1 0*07 


The great difference brought out by the table in the proportions of the more 
important phosphoric acid and of the less essential silica and lime contained in Rye 
and Pea seeds, as compared with the amounls of the same substances in the straw, 
is worthy of especial notice. 

In a similar way the marine Alga 1 , according to WiLM?( w ) f economise the nitrates 
and phosphates, which exist in srmdl proportions in sea-water, but not potassium 
and magnesium, the supply of which is abundant. 

In the preceding table the figures do not express absolutely 
constant proportions, as the percentage of the constituents of the asli 
of plants varies according to the character of the soil ; thus, the 
proportion of potassium in Clover varies from {) to 50 per cent; the 
proportion of calcium in Oats from 4 to 38 per cent. 

The Process of Absorption ( 14 ).— As all matter taken up by plants 
must, as a rule, pass through continuous cell walls, it must be absorbed 
in a liquid or gaseous state. The only exception to this rule occurs 
in the amreboid forms of the lower plants (JhhuIhv and Plasmodia), 
which, as they have no cell walls, are in a condition to take up and 
again Extrude solid matter (particles of organic and inorganic sub- 
stances). 

The fact that plant cells are completely enclosed by continuous 
walls renders it necessary that food, to pass into the cell, must be 
either liquid or gaseous. In this condition the constituents of plant 
food are, however, imperceptible, and thus the manner of plant 
nutrition remained for a long time a mystery, ami it was only during 
the eighteenth century that the nature of the nourishment and nutritive 
processes of plants was recognised. 

Plant nourishment is dependent upon the permeability of the cell 
walls to liquids and gases. Although impervious to solids, the cell 
walls of living cells are permeated with “ imbibed ” water ; and to this 
“IMBIBITION WATER ” in the cell walls, together with the physical 
character of the cell walls themselves, are due their flexibility, elasticity, 
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and ductility. The permeability of cell walls for imbibition water 
is only possible within certain limits, so that they thus retain the 
character of solid bodies. 

Treated with certain chemical reagents (potassium hydrate, sulphuric acid, ete.) 
cell walls become swollen and gelatinous, or even dissolve into a thin mucilaginous 
slime. This change in their character is due to an increase in the amount of their 
imbibition water, induced by the action of the chemicals ; otherwise, the water 
imbibed by ordinary cell walls is limited in amount. The walls of woody ceils take 
up by imbibition about one- third of their weight ; the cell walls of some seeds and 
fruits and of many Algsw absorb many times their own volume. 

The cell walls ark not only permeable to pure water, 
but also to substances fN solution. This fact, that the cell wall 
offers no resistance to the diffusion of crystalloid bodies when in 
solution, is of the utmost importance to plant nutrition ; cell walls, 
on the other hand, which are scarcely or not at all permeable to 
liquids (cuticularised walls), take no part in the absorption of plant 
nourishment, except in so far as they may still be permeable to gases. 

In order that liquids may enter by osmosis into the living cell, they 
-must first pass through the protoplasm, i.r. the lining of the cell wall. 
Living protoplasm is not, however, like the cell walls, equally per- 
meable to all substances in solution, but, on the contrary, COMPLETELY 
EXCLUDES CERTAIN SUBSTANCES, WHILE ALLOWING OTHERS TO PASS 
through MORE OR LESS READILY. Moreover, it is able to change 
its permeability according to circumstances, and thus the OUTER 
PROTOPLASMIC MEMBRANE HAS THE POWER OF DECISION, whether a 
substance may or may not effect an entrance into the cell. Similarly 
the wall of the vacuole exercises a similar but often quite distinct 
I rower over the passage of substances from the protoplasm into the cell 
sap. The same determining power is exercised by these membranes 
in the transfer of substances in a reverse direction. On account of the 
selection thus exercised by the protoplasm, it is possible that, in spite 
of continued osmotic pressure, the contents of a cell are often of quite 
a different- chemical nature, from the immediately surrounding medium. 
To this same peculiar quality of the protoplasmic membranes is also 
due the selective power of cells, manifested by the fact that different 
cells, or the roots of different plants, appropriate from the same soil 
entirely different com pounds ; so that, for instance, one plant will take 
up chiefly silica, another lime, a third common salt. The action of 
(sea- weeds in this respect is even more remarkable ; living in a medium 
containing A j>er cent of common salt, and but little potassium salts, 
they nevertheless accumulate much larger quantities of potassium than 

sodium. In addition they store up phosphates, nitrates, and iodine, 

substances which are all present in sea-water in such small quantities 
as scarcely to be detected by chemical analysis. Penicillium glaucum is 
able to grow on a nutritive solution containing 21 per cent of sulphate 
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of copper owing to the power it possesses of allowing the entrance to 
the cell of the necessary salts, whiie preventing that of the copper 
sulphate ( ls ). 

That osmosis may continue from cell to cell, it is essential that the 
absorbed material must become transformed into something else, either 
by The activity of the protoplasm or by some other means. Local 
accumulations of sugar or other soluble reserve material in fruits, 
seeds, bulbs, and tubers would otherwise not be possible ; for osmotic 
action, if undisturbed, must in the end lead to the uniform distribution 
of the diffusible substances* equally throughout all the cells. But if 
equilibrium is prevented by the transformation of the diffusible sub- 
stances into others that are indiflusible, the osmotic currents towards 
the transforming cells will continue, and the altered and no longer 
diffusible substances will be accumulated in them. In this manner 
glucose passing into the cells of tubers or seeds becomes converted 
into starch. As a result of this a constant movement of new glucose 
is maintained towards these cells, which thus become reservoirs of 
accumulated reserve material. 


Water and Mineral Substances 

Without water then- can be no life. The living portions of 
all OKUAXISMS AKE PERM FATED WITH WATER J it is only wllCIl ill this 
condition that their vital pioeesses can be carried on. Protoplasm, 
the real vehicle of life, is, when living, of a viscous, thinly fluid 
consistency, and when freed from its water either dies or becomes 
perfectly inactive. 


1 he circumstance that protoplasm, when in a state of inactivity, as in spores and 
seeds, ran often endure a certain degree of desiccation for a limited time, forms no 
exception to this rule. 1 Miring Mich periods its actual vital functions entirely cease, 
and only renew their activity wlmn water in again supplied. 

In most plants desiccation occasions death, and it is always to be regarded as 
dm: t<> some special piovision or exceptional quality when entire plants or their 
reproductive bodies can be again brought to lilts by a subsequent supply of water. 
Thus, for example, some Algerian species of lsoc.t<:s, and the Central American 
Sdayt nelUt fsf>i<loph ; (/In can withstand droughts of many months’ duration, and on 
the first rain again hurst into life and renew their growth ( ,G ). In like manner many 
Mosses, Liverworts, Lichens, ami Alga* growing on hare locks, tree-trunks, etc., 
seem able to sustain long seasons of drought without injury. Seeds and spores, alter 
separation from their parent plants, remain productive for a long time ; seeds of 
Xiiumbi (> m, which had been kept dry for over one hundred years, proved as capable 
of germination as those of recent growth. A similar vitality was shown by moss 
spores which had lain in a herbarium fifty years. The often-repeated assertion 
concerning the germination of wheat found with Egyptian mummies (“ mummy- 
wheat ") has, however, been shown to be erroneous. Many seeds lose their power 
of germination after having been kept dry for only a year ; others, even after a few 
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days ; and others again, as the seeds of the willow, cannot endure drying at all. On 
the other hand, the seeds of some water plants ( Eichhomia , etc.) germinate better 
after being dried for a period ( l7 ). It must not be forgotten that in all these instances 
a certain amount ot‘ hygroscopic water is retained by plants even when the air is 
quite dry. Over the sulphuric acid of the desiccator, seeds retain for weeks 6 per 
cent or more of their weight of water. Even drying at 110° or the action of absolute 
alcohol can be borne by some spores and seeds. 

Apart from permeating and energising the cells, water has other 
and more varied uses in plant life. It is not only directly indis- 
pensable for the solution and transportation of the products of 
metabolism, but also indirectly, in that its elements, hydrogen and 
oxygen, are made use of in organic compounds in plant nutrition. 
Water thus vised (cf. p. 198) may be designated constitution water ; 
for exufn||4f in every 100 grammes of starch or cellulose there are f>r> 
granime^df constitution water. It is also necessary for the turgidity and 
consequent rigidity of parenchymatous cells (p. 163); it is of use iti 
the process of the growth of plant cells, which take it up in large 
quantities, and, through their consequent expansion, enlarge their 
volume with hut little expenditure of organic substance. 

{ A further and still more important service which water performs 
for plants consists in THE CONVEYANCE and introduction into the 
(PLANT BODY OF THE NUTRIENT SUBSTANCES OF THE SOIL. Although 
a large amount of water is retained in the plant body (up to 96 per 
cent in succulent tissues) for the maintenance of rigidity and enlarge- 
ment of the organs, a still larger quantity of the water taken up by 
the roots passes through the plant merely as a medium for the trans- 
port of nourishment, and is again discharged through the leaves by 
evaporation. By this transpiration from the aerial part of plants, 
the water passing into them from the roots escapes, and at the same 
time, by preventing saturation, which would otherwise be produced, 
tends to maintain a continuous upward movement of the water. The 
current, of water thus produced is accordingly termed the transpira- 
tion cur RENT. As the result of evaporation only water, in the form 
of vapour, and gases can escape from the plant. As the watery 
FLUID ABSORBED BY THE ROOTS CONTAINS SALTS, OXIDES, AND OTHER 
N^N-VoLATILK SUBSTANCES IN SOLUTION, THESE ON EVAPORATION ARE 
LEFT IN THE PLANT AND ORA DUALLY INCREASE IN QUANTITY. This 
accumulation of mineral salts is absolutely necessary for the plant, for 
the nutrient water taken up by the roots is so weak in mineral 
substances (it contains lmt little more solid matter than good drinking- 
water), that the plant would otherwise obtain too little food if it were 
only able to take up as much water as it could retain and make 
use of. 

All THOSE CONTRIVANCES IN PLANTS, THEREFORE, WHICH RENDER 
POSSIBLE OB PROMOTE EVAPORATION, OPERATE CHIEFLY IN THE SERVICE 
OF nutrition. Were transpiration not in the highest degree useful 
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and even necessary for the acquisition of mineral substances, provision 
would certainly have been made by plants to restrict it within the 
smallest possible limits. For transpiration increases the amount of 
water required by plants disproportion ally to their powers of absorp- 
tion, and exposes them, moreover, co the danger of perishing through 
the insufficiency oi their water-supply. 

In spite of the increased danger of drying up, as the result of 
evaporation, special provision is made bv plants for facilitating trans- 
piration (p. 187 ). To supply the increased demands for water thus 
produced there is set up a strong current of water containing nutritive 
salts in solution, which passes through the plants, and after yielding 
up its solid constituents, escapes in the form of invisible aqueous 
vapour. Thus plants, in order to obtain their nutrient substances, 
proceed in the same manner as some of the lower animals (Sponges, 
Aseidians), which draw in and maintain a continual flow of water 
through their bodies, in order to retain as food the nourishing particles 
suspended in it. 

The Absorption of Water. — “Water,” as here used, it must 
always be remembered, does not mean chemically pure water, but rather 
a DILUTE WATERY SOLUTION OP VARIOUS SUHSTANUKS FROM 'I'll K ATMO- 
SPHERE, FROM THK MINIMAL SALTS OK THK EARTH, AND FltoM ORGANIC 
humus. In this connection it is also necessary to emphasise the fact 
that LI VINO PLANTS DO NOT AHSOKH THIS NUTRIENT WATER INACTIVELY 
and involuntarily, as a sponge, but through the peculiar selective 
power of their cells (p. 17 b) they exercise a choice from among the 
substances available. 

The simpler and less highly developed plants, which are but 
slightly differentiated, are able to absorb water through the surface of 
their whole body. This is also generally true of all submerged aquatic 
plants, e\ on of the Phanerogams. Water plants which obtain their 
nourishment- in this way often either possess no roots ( IJtricularia , 
tialriitift), or their roots seive merely as mechanical hold-fasts. With 
plants living on dry land the conditions are quite different; their 
stems ami leaves develop in the $ir, and they are restricted to the 
water held by capillarity in the soil. In order to obtain this water in 
sufficient quantities, special organs are necessary, which may spread 
themselves out in the soil in their search for water. These organs 
must absorb the water from the soil, and then force it to the aerial 
portions of the plant. This office is performed for a land plant by its 
root system, which, in addition to providing the supply of water, has 
also the task of mechanically sustaining the plant, and withstanding all 
influences which could lead to a disturbance of equilibrium by loosen- 
ing the hold of the plant on the earth ( 18 ). 

Conversely, loose soil is naturally bound together by the brandling roots ; and 
on this account plants have an economic value in holding together loose earth, 
particularly on dykes and land subject to inundation. 
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The small <Jod of earth, that is as a rule at the disposal of a plant 
in its natural habitat* is utilised to the full by the highly developed 
root system, which behaves in a wonderfully purposive mariner. 



Kit!. IT l. Tij> of a i<m>1 hair with adlu-riu^ 
particles of sou. (x eitvu 210.) 


If the development of the root system of a germinating Bean or Oak be observed, 

it will be found that the growing root of 
tic embryo at once penetrates the soil’ 
and pushes straight downwards. Lateral 
roots are then given off from the main 
axis, and, growing either horizontally or 
diagonally downwards, penetrate the earth 
in the neighbourhood of the primary root. 
These lateral secondary roots in turn 
develop other roots, which radiate in all 
directions fUfiu them, and so occupy and utilise the entire soil at their disp 
The branching of the roof system can proceed in this 
manner until, within the whole region occupied by 
the roots of a large plant, there is not a single cubic 
centimetre of earth which is not penetrated and ex- 
hausted by them. 

All plants do not form a deep-growing tap-root like 
that of the Oak, Silver Fir, Beet, Lucerne, etc. ; some 
coniine themselves to utilising the superficial layers of 
the soil by means of a thickly -branched lateral root 
system (Fine, Cereals). The agriculturist and forester 
must, accordingly, take into consideration the mode 
of brandling and growth of the roots of a plant just 
as much as the habit of growth of its aerial portions. 

Plants which make use of different layers of soil mav 
s.ifelv cultivated together in the same .soil, and 


hi 


sneered one another in the same ground. For similar 
reason-, in setting out trees along the borders of fields, 
the deep-rooted Elm should be preferred to the Poplar, 

" hose loots spread out near the surface. 

Insert ov \erophilous plants, according to the ob- 
servations of VoMvKSs, send out deeply penetrating 
roots, which only brunch profusely on reaching depths 
where they find water. 

In order to secure ;i still more intimate 
contact with the particles of the soil, there 
are produced from the surface of roots small, 
exceedingly numerous, and fine cylindrical 
bodies, which penetrate t lie smallest interstices 
of tin* soil, and fasten themselves so closely 
to its smallest, particles as to seem actually 
grown to them (Fig. 174). These ultimate 
brunches of the toot system, which discover 
the very smallest quantity of moisture, and 
sock out the most concealed crevices in their search for nourishment. 



Kit.. 176 — Nt*nUu,jr i >f CVf i' 2 >i n v > 
lift ul vs. r , Zone of root- 

liairs near mot-tip ; h , liypn- 
cotyl ; hu\ main root ; .-nr. 
lateral root*; j % r, leaf; r, 
icotyl ; r, cotyledon*. 
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are the root- hairs, — delicate tubular outgrowth^ of the epi- 
dermal cells. Although they have the diameter of only a medium- 
sized cell, and appear to the naked eye as fine, scarcely visible, 
glistening lines, they often attain a length of several millimetres 
and enormously enlarge the absorbing surface of their parent root. 
According to F. SrmvARZ the epidermal surface of the piliferous 
zone of the roots of Pimm, which has 2 .‘10 root-hair 4 * to the square 
millimetre, is thus increased twelvefold. 

The root-hairs do not cover the whole surface of roots, not even in 
the youngest roots, but only a comparatively small zone, a short distance 
above the growing root- tip. Soon after they have attained their 
greatest length, and have come into the closest contact with the earth 
particles, they die off. New root-hairs are developed to supply their 
place, so that a zone of root-hairs is thus constantly maintained just 
above the root-tip ; while beyond this advancing zone of hairs the root 
epidermis becomes again completely divested of root-hairs (Fig. 17f>). 

The older parts of roots, even in plants which persist for many 
years, take no part in the process of absorption. They envelop them- 
selves with cork, increase their conducting elements by growth in 
thickness, and function exclusively in the transfer of the water 
absorbed by the younger portion of the roots. Kven in the young 
roots tin* absorption seems principally confined to the regions covered 
with root-hairs, or, in case no root-hairs are developed, to a correspond- 
ing zone of the root epidermis. 

Through the intimate union of the youngest roots with the soil, 
they arc able to withdraw t ho minute quantity of water still adhering 
to the particles of earth, even after it appears perfectly dry to the sight 
and touch. There still remains, however, a certain percentage of 
water, held fast in the soil, which the roots are not able to absorb. 
Thus, Sachs found that the water left by a Tobacco plant, and which 
it could not. absorb, amounted in cultivated soil to 12 per cent, in 
loam to 8 per cent, and in sand to 1 J, per cent. Plants may even 
obtain a certain quantity of water from soil which is frozen hard. 

The absorptive power of soil depend, partly, upon chemical changes taking 
place within it, but. partly also on physical processes (the superficial adhesive 
force of its particles , The chemical changes are especially concerned with the 
retention of ammonium and potassium salts, as well as phosphates ; the former as 
difficultly soluble silicates or double silicates, while phosphoric acid is held in 
combination with calcium or iron. .Magnesium and calcium salts arc, on the 
contrary, hut slightly absorbed. They arc, like the chlorides, the nitrates, and, 
in part, also the sulphates, easily displaced ; in soil treated with a solution of 
saltpetre, for example, the potassium will remain in combination in the soil, while 
calcium nitrate passes off in solution. 

Humus acids contribute, to a certain extent, to the chemical changes occurring 
in soil, as do also soil bacteria, which possess strongly oxidising and reducing 
powers (cf. p. 172). 

The absorptivity of the soil, which, moreover, is not absolute, and varies with 
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different soils (sandy soil absorbs poorly), operates advantageously for plants by 
the consequent rapid accumulation of large supplies of food -material for their 
gradual absorpt ; on. 

The absorptive power of soil for water is due to its capacity to retain water by 
capillarity, so that it does not run off. Of the soils investigated by Sachs, 
cultivated soil retained in this way 46 per cent, loam 52 per cent, and sand only 
21 per cent of water. 


The activity of the roots in providing nourishment is not only 
manifested in overcoming the adhesive and absorptive power of the 



soil. The young roots, and especially the 
root-hairs, in addition to the carbonic 
acid exhaled by them, which, no doubt, 
also aids in loosening the soil, excrete a 
stronger acid or acid salt, by means of which 
they dissolve otherwise insoluble sub- 
stances. Boots growing upon a polished 
[date of marble will so corrode it that an 
etched pattern of their course and direc- 
tion is thus obtained. By placing the roots 
upon litmus paper, it may be demonstrated 
that the corrosion is due to the action of 
an acid. 

The nutrient water with which the 
cell walls of the epidermal cells and root- 
hairs first become permeated is taken up 
bv the epidermal cells, and thence passes 
through the cortical cells and the endo- 
dermis (p. 114) to the central cylinder of 
the root. 

The Distribution of the Nutrient 
Water — 1. Boot-I'rkssuiik. — The causes 


Fiu. ITu. VipMuus rviuliitioiiof \vat(*r 
un tin 1 nsuli of root -pressure from 
a rut stem of Ihihlia rnriahilia. 
The smoothly cut stem sis joined 
!<> the jjlnss tube ;/ by means of 
the nibl»»i tphiny <\ The water 
II*. uLsoiUM by the loots from the 
soil, is puiiipeil out of the >essi*ls 
ot the stem with a loree sutlicieut 


which determine the direction and strength 
of the movement of the water through the 
living cells of the root-cortex into the vas- 
cular bundles are not yet fully understood. 
The fact that the water does actually pass 
into them, and at times indeed is forced 
into them with a considerable pressure, 


the irsistann* of tin* may be easily demonstrated. If the stem 

rnlumn of »m*rrur\ /» - . , ' . , , , 

of a strongly-growing plant he cut oft close 
above the ground, and the cut surface dried and then examined with 


a magnifying glass, water will, in a short time, be seen to exude from 
the severed ends of the bundles. By close inspection, it is also possible 
to determine that the water escapes solely through the vascular or 
woody portion of the bundles. When the soil is kept warm and 
moist the outflow will he greater, and will often continue for several 
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days. During this time, a half-litre or more of water will be dis- 
charged. This water, as analysis shows, is not pure, but leaves on 
evaporation a residue of inorganic and organic substances. 

Again, if a hollow glass tube be placed on the root-stump anu. tightly fastened 
by rubber tubing, the exuded fluid will be forced up the glass tube to a considerable 
height. How great the force of this pressure is may be shown by attaching to 
tin* stump a manome-er (Fig. 176). The column of mercury will in s une cases 
be forced to a height of 50 or 60, and under favourable conditions to 100 or more 
centimetres, thin* indicating a root - pressure which may sometimes considerably 
exceed one atmosphere, and is of sufficient power to raise a column of water 6, 8, 
and IS metres high. In Sch izolobii'w ■ t vct'fomii in Java, Fioimn found a pressure 
of eight atmospheres. The height to which the fluid can be raised is the less 
surprising when the much greater forces due to turgescence, which are at the 
disposal of living cells, is remembered ( w ). 

If, instead of the effects of the pressure, the volume of water exuded enh hour 
l»e observed, the remarkable fact will he demonstrated that the roots regularly 
discharge more water at certain hours than at others (Periodicity ok Root- 
PlLKNsriiE). 

When it w is shown that the root' were capable of exercising so great a 
pressure, it was at first believed that the ascent of the sap to the tops of the 
highest trees was due to root pressure. This, however, would he impossible in 
view of the following ronsidem lions. The vo.uiiio of water supplied by root- 
pressure is not sufficient to satisfy the quantity given oil’ by evaporation. On the 
contrary, during moderately vigorous transpiration, such as takes place on a summer 
day, the root- pressure is of u negative character. Thus, if an actively evaporating 
plant be cut oil' near the root, no outflow of water will take place. On the other 
hand, the stump ill energetically draw in water supplied to it; and not until it 
lia.s become saturated does the force of the root-pressure make itself apparent. In 
plants grouting under natural conditions, the root -pressure is only effective on 
d imj . cool d ’vs, or at nights, when the transpiration is greatly diminished. In 
spring, when the roots are beginning their activity, the conditions are most favour- 
able. tie* wood is full of water, and the transpiring leaves are not yet unfolded. 
When flu wood is injund, "sap” is exuded in drops from the vessels and tra,cheids. 

Tilt* so-called rleem nc. from wounds or cut stems is chiefly due 
to root-pressure, but it is also augmented by the pressure exerted by 
the living cells of the wood (wood parenchyma, medullary rays). Foil 
THE LI VI NO CELLS OF ALL OTHER PARTS OF THE PLANT LIKE THOSE 
OF THE LOOT ARE UNDER CERTAIN CONDITIONS A RLE TO FORCE OUT 
fluid. The stimulus due to wounding may directly contribute to this 
(inflorescences of Palms, according to Molisch). The outflowing sap 
often contains, in addition to numerous salts, considerable quantities 
of organic substances (dissolved albuminous matter, asparagin, acids, 
and especially carbohydrates). The amount of saccharine matter in 
the sap of some plants is so great that sugar may be profitably derived 
from it. The sap of the North American sugar maple, for example, 
contains from 2 to 3i per cent of sugar, and a single tree will yield 
2-3 kilos. The sap of certain plants is also fermented and used” as an 
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intoxicating drink (palm wine, pulque, a Mexican 1 leverage made from 
the sap of the Agave, etc.). 

Thu bleeding which lakes place on warm, sunny winter days from wounds or 
borings in trees is not due to root- pressure, but to purely physical causes. It is 
brought about by the expansion of the air-bubbles in the tracheal elements of the 
wood, and may ha artificially produced at any time in winter bv warming a freshly- 
cut piece of wood ; when the wood is allowed to cool, t lie air contracts and the 
water in eoutaet with the cut surface will he again absorbed. 

11. The \Y ATKIt-c< iNDlurn on in 7 Plants. — I n living plant-tissues 
the cells of which require more or less water for their growth, for the 

maintenance or augmentation of 
their turgidity, and to supply the 
water lost, by transpiration, there 
is a constant transfer of water from 
one cell to another. This transfer 
between the adjacent, cells takes 
place much too slowly to equalise 
the great amount of water lost by 
evaporation from the foliage of a 
tall tree. In ORDER TO TRANK- 
rKK THE WATER, DEH'Kl.Y AND IN 
LAUDER i >f ANTITIES, I ROM T1IE 
ROOTS TO THE LEAVES, PLANTS 
MAKE I sK, NOT OE HIE LIVING 
PARENCII V.M V, RET OK THE WOODY 
PORTION nr THE Y A KEVLAR 
LENDERS. The woody elements 
which thus conduct the water have 
no protoplasm. 

111. The Tr wspiration (Vr- 
rent. -It has long been known 
that the ascending transpiration 
current in woody plants, which is 
directed to the points of greatest 
consumption, flows solely through 
tin*, wood. It. had been observed 
that plants, front which portions of 
the cortex had been removed, either 
purposely or accidentally, remained 
nevertheless perfectly fresh. The adjoining figure, taken from one of 
the first hooks in which the vital processes in plants were amiratelv 
described (Kss.ws on Ykuktahlk Statics, by Stephen Hales, 1727), 
shows the method employed in proving this fact experimentally (Fig. 
177h At Z in the branch /> all the tissues external to the slender 
wood have been removed. Since the leaves of this branch remain as 



El'<. ITT. illK-tll t*» slllA\ till* MMVllt 

• if lli*- 1 i!ii> Ui tin- win m 1 . Although tin* 

Idi*. l**‘i*n riitnvly ivmmfit at /. ami tin- i\*»**l 
loft, tin* If a \ *"n i if tlif branch h iftmiH 
im fioih as thus.* .mi tlm mnii.juml luam-li *■ 
t, xi-ssfl fonUiniiii..: w nt it. KacsMiulf <*t tin 
illustmt i*»ii n 11 i»E J i t tl If s},tf 17^*7. 
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fresh as those of the branch r, it is evident that the transpiration 
current must pass through the wood and not through the cortical tissues. 
On the other hand, when a short length of the wood is removed from 
a stem, without at the same time unduly destroying the continuity of 
the bark, the leaves above the point of removal will dfoop as quickly 
as on a twig cut off from the stem. It has also been shown by ex- 
periment that in herbaceous plants the vascular portions of the bundles 
provide for the conduction of the ascending currents. 

As Sachs demonstrated by spectn'seopical analysis, a dilute solution of lithium 
nitrate taken up by an uninjured plant first ascends in the wood before it passes 
laterally into the other tissues. By means of the same solution, MacNar, Pfitzkr. 
and S veils determined the velocity of the movement of the transpiration current, 
which naturally varies accord in g to the plant and the ellect of external conditions 
upon transpiration ; under favourable drcum»tann\s it, attains a rate of 1-2 metres 
an hour. The method of showing the exclusive share of tho wood in the con- 
duction of the water, and, also, of determining the maximum velocity of the 
transpiration current, from ohseivations 'based on the path and rate of movement 
ol a coloured solution taken up hv a plant, is not tree from objection ; for the 
colouring matte: would not pa*s through the stem at the same rate as the water 
in which it is dissolved, hut would he drawn out and held hack by the colls. The 
employment of coloured solutions will, however, he found instructive foi merely 
showing the course of the transpitatioii current. The transparent stems of the 
liaison, Im/mtirns imrnjlnra , and tin* white floral leaves of Lilies, Camellias, 
Moek Orange, etc., in which the coloured vascular syslem will stand out as a line 
network, are espc ially adapted for such an experiment. 

Iii water plants and succulents, in which little or no transpiration 
takes place, the xyleni is correspondingly feebly developed. in land 
plants, on the- other hand, and (‘specially in trees with abundant 
foliage, the wood attains a much greater development. All the wood, 
however, of a large stem does not take part in the task of water- 
conduction, hut only the younger, outer rings. Where then? is a 
distinction between heart- and sap- wood, under no conditions does the 
heart -wood take part in the conduction of the water, which is 
transferred exclusively by the youjiger rings of the sap-wood. 

The character of the forces which eau.se tin* ascent of the trans- 
piration current is still unexplained. Transpiration itself makes a 
place for the inflowing water. By the removal of the imbibition 
water from the cell wall, which is replaced at the expense of the 
supply contained in the osmotically active cell, force is exerted which 
causes the water in the adjacent elements of the. xyleni to move 
onwards. It is, however, doubtful whether this slight initial dis- 
turbance of the condition of equilibrium is sufficient, even when the 
cohesion of the water is taken into account, to account for the rapidity 
of movement and the distance covered by the transpiration stream. 

A sufficient and generally accepted explanation of this much-debated 
question is still wanting (*')• 
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It has been already explained that the root-pressure cannot exert such a force 
during transpiration (p. 183 ). , 

Osmotic forces act tQO slowly to be of any value, and, moreover, there is no 
fixed distribution of osmotic substances that would account for such a current. 

The transpiration current cannot be due to capillarity. In the first place, con- 
tinuous capillaries are entirely wanting in some plants (the Conifers, for example), 
and in the stems of others they are only present for comparatively short distances. 
Secondly, the concave menisci in the elements of the wood are not in relation with 
any level or convex surface of water, in which case alone they could have effect. 
Thirdly, the height to which liquids can rise by capillary attraction, and it would 
be less in the vessels and tracheitis than in a glass tube, does not approach the 
height <;f au ordinary l.uc; and, finally, the rate of ascent induced by capillarity 
decreases so greatly with the increasing height of the fluid, that so copious a flow of 
water as occurs in plants would be impossible. 

Atmospheric pi* ensure lias, also, l*e* n shown not to he the cause of the trans- 
piration rui rent. In fact the vessels and tracheitis of vigorously transpiring plants 
contain rarefied air between the short columns of water. This is evident from tlie 
way in which stems cut under mercury become penetrated by it. But as the water- 
courses in plants are all completely shut off from the outer atmosphere, the external 
atmospheric pressure could have no effect. The rarefied air within the plants, 
moreover, shows no such regularity in its distribution that it could possibly give 
rise to so continuous a flow of water. Further, as the. atmospheric pressure can only 
sustain the weight of a column of water H» m. high, while the sap rises in H’rlfitty- 
tnnia 100 m. high and in A 'mttfy/rfus trees of the height of 150 in., the inadequacy of 
the atmospheric pressure to give rise to such a movement must be admitted. 

The supposition that the water asemids in the form of vapour through the 
cavities of the wood, and is afterwards condensed in the leaves, is untenable, as is 
at once obv ions from a consideration of the anatomical structure of the wood, the 
interruption of its cavities by short columns of water, ami the temperature of the 
plants themselves. And, moreover, the special task of the transpiration current, to 
transfer the nutrient salts, could not be a» eomplislied if such a supposition were true. 

It has also been suggested that all of these processes might he aided by TilK 
ro-oi’KKATioN of TICK livinci fELLs which are so abundant throughout the wood, 
and which huve command of active osmotic forces, to tin* service of which they 
could unite a regulative irritability. S i uasiu imr.u’s investigations, however, have 
shown that poisonous solutions, which would at once kill all living protoplasm, 
can he transported, in great quantities, to the summits of the loftiest Oaks ami 
Firs. Thus the supposition that the living elements in any way co-operate in the 
ascent of the transpiration current is absolutely precluded. 

Recently .lui.Y, Dixon, and Askenasy have endeavoured to explain the trans- 
mission of the auction force of transpiration to the most distant mot -tips bv the fact 
of the cohesive force of the water. The occurrence of bubbles of air and vapour in 
the conducting channels, and the fact that movement of the water interferes with 
the power of its cohesive force to resist a pull are among the objections to this 
theory (*'). 

The most recant investigations agree in concluding that THE 
TRANSPIRATION n-RKENT ASUKNDS IN THE CAVITIES OF THE WOOD 
THROUGH THE VESSELS AND TKACH El DS. 

IV. Suction in Tuansiiuixi; Shoots. -A shoot, the out eml of which is placed 
in water, shows by remaining fresh that it must be able to draw* up water to its 
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extreme tips. The force of suction exerted by such a transpiring foliage shoot may 
be demonstrated, by fitting the cut end ir a long glass tube filled with water in 
such a manner that it shall be air-tight. 


Thus arranged, the shoot will be able to sus- 
tain and raise a column of water 2 metres 
high. If the lower end of the tube be in- 
serted in mercury, as shown in the adjoin- 
ing figure (Fig. 178), it will be found that 
even the heavy mercury will be lifted by the 
transpiring shoot to a considerable height. 
Vigorous coniferous shoots absorb water 
through the cut end with a force of suction 
equal to one atmosphere, and are thus able 
to raise tlie mercury to a height equal to the 
barometric pressure (7t50 mm.), and owing to 
the cohesion of the water column even be- 
yond this (P20 mm. ) The complete exclusion 
of the external atmosphere is absolutely re- 
quisite for the existence of such «i suction- 
force, a condition actually fulfilled in the 
water-courses of plants 

The Giving-off of Water. — The 

requisite amount and essential con- 
centration of the nutrient water 
supplied by the transpiration current 
arc maintained only by the constant 
discharge of the accumulating water. 
This may occur in two ways, either 
more profusely by the evaporation of 
the water through the cell walls and 
the stomata in the form of vapour — 
that is, by transpiration — or less copi- 
ously and also less frequently by the 
actual exudation of drops of water. 

I. Transpiration. — In their 



outer covering of cork, cuticle, ajid 
wax, plants possess a protection from 
a too rapid loss of water. A Pump- 
kin, with its thick cuticle and outer 
coating of wax, even after it has been 
separated from its parent plant for 
months, suffers no great loss of water. 


17s. Suction if u transpiring shoot. 
The leafy shoot, ii fitted so that it i« air- 
tight in a glans ti filled with water and 
the lower end i meraed in a vessel of 
mercury. The. n. -reury is drawn up the 
tube by the suet erted hy the tran- 
spiring shoot. (From Dktmek’n Vhymvl, 
I'.okt.) 


A potato or an apple is similarly protected by a thin layer of 
cork from loss of water by evaporation. The green organs of plants, 
on the other hand, as they are active in the processes of nutrition^ 
and must be able to get rid of their surplus water in order to 
secure the proper concentration of their nutrient salts, make little use 
of such protective coverings. On the contrary, they are provided with 
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special contrivances for promoting evaporation. The cell walls of all 
living organs are saturated with water, and, when the cuticle of the 
epidermis is not too strongly developed, water is constantly evapor- 
ated, even from uninjured cells, in amounts varying with the area of 
the exposed surfaces. From this point of view, it will he seen that 
'piK FLAT EXPANSION OF FOLIAGE LEAVES RENDERS THEM ADMIRABLY 

Adapted for the work of transpiration. Evaporation . is also 
promoted by the numerous STOMATA (air-porks) which penetrate the 
epidermis, and which give the air, saturated with watery vapour, an 
opportunity to escape from the intercellular spaces. Although the 
stomata are so small (0*0000 mm. and less) that neither dust nor water 
cam f)ass through them into the plant, they are usually present in such 
enormous numbers (p. 99) and so suitably distributed that their united 



Em. 17t*. — Stoma of lltlhhnrng in 1 mnsvm.s*> nwt n»n. Tin* «l:n km lim-s show the sh.tja* nsMimod 
hy the jLrtuu when the sti.nm K o]kmi, the lighter line- when th<- -toimi is ch»v<L (After 
S< iih i.noknkk.) The ninth's <»t the ^mirU-n-IK with the stmna i ios«-<l are shaded, and are 
distinctly smaller than when the sterna is uj» n. 

action compensates for their minuteness. When it is taken into con- 
sideration that a medium-sized cabbage leaf ( llr<issint uhratra) is pro- 
vided with about eleven million, and a Sunflower leaf wit h about thirteen 
million air-pores, it is possible to estimate how greatly evaporation must 
be promoted by these tine sieve like perforations of the epidermis. 

The stomata also afford plants a means of regelating evapora- 
tion. The pores, which are the mouths of intercellular spaces, are 
surrounded hy gcard-cells (p. 97). As the term guard-cell suggests, 
these cells have the power of closing tin* pore. Tin: closing AND 
OPENING or THE STOMATA ARE ACCOMPLISHED THKol* < . II A CHANGE IN 
THE TCKoidity IN THE (H ARD-cells. In consequence of their peculiar 
wall thickenings, elasticity, and lateral attachment, a change of 
turgidity affects the size and shape of the guard-cells in such a way 
that, by diminished turgidity, they become fiat tor and close the air- 
passage, while an increase of turgidity has the contrary effect and 
opens them (Fig. 179). 

Ill many plant* the so-called subsidiary cells (|>. OS participate in various ways 
ami degrees in those pi (messes, depending ujhui the special structure of the whole 
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apparatus. The opening and closing of the stomata may be effected by either 
external or internal stimuli ; but such stimuli affect different plants in a different 
manner. Generally speaking, the stomata begin to close on the diminution of the 
water-supply ; they open, on the other hand, when active transpiration is advan- 
tageous (in light, in moist air, etc.). The quantity and quality of the substances 
held in solution in the nutrient water react in a remarkable manner upon the 
stomata. The size of their opening is decreased, and the quantity of water 
evaporated is therefore lessened when move than the usual amount of nutrient 
salts is present in the transpiration current ; as in that case if, through continued 
evaporation, the nutrient water should become too concentrated, it: might act 
disastrously upon the plant. In marsh and water plants the stomata react less 
promptly than in land plants (®h. 

It has already been pointed out, in describing the morphology of 
the stomata, that they are 
chiefly to be found on the 
surfaces of the leaves. The 
LEAVES ARK ACCORDINGLY 
TO HE (’ON SIDE RED AS 
SPECIAL ORGANS OE TRAN- 
SPIRATION (ami assimila 
tion, j). 11).*)). This is also 
evident from tin* manner 
in which the vascular 
bundles branch after enter- 
ing the leaves. As a large 
water-main divides into a 
network of smaller pipes 
where the consumption of 
tin* water takes place, so 
a leaf-trace bundle, after 
its long and uninterrupted 
course through the stem, 
suddenly branches as soon 
as it enters the leaf-blade. 

The adjoining illustration 
(Fig. ISO), showing the 
nervature or distribution 
of the vascular bundles in 
a Cnitanjtus leaf, will con- 
vey some idea of the ex- 
tensive branching which 

the bundles of a leaf under- lv °- 1,1 Hip vascular bumlli» (venation) m a 

go, especially when it is . «*tu«.i -*»-.> 

taken into consideration that only the macroscopic and none of 
the finer microscopic branchings are represented in the figure. Bv 
means of this conducting system, a copious supply of nutrient water 
can be delivered directly from the roots to every square milli- 
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metre of the leaf. There is, however, a special reason why the leaves 
are so abundantly supplied. They are the actual laboratories of plants, 
in which, out of the carbonic acid of the atmosphere and the water, 
and nutrient salts of the soil, the organic building material of the 
plant-body is produced. For similar reasons, it is in the leaves that 
the broad expansions of tissue for the special promotion of transpira- 
tion are found. The amount of water actually evaporated from the 
leaf surfaces in the performance of their vital functions is almost 
incredible. For instance, a strong Sunflower plant, of about the 
height of a man, evaporates in a warm day over a litre of water. It 
has been estimated that an acre of cabbage plants will give off two 
million litres of water in four months, and an acre of hops three to 
four millions. The quantity of water daily required to maintain the 
water-supply of a single large tree, amounts to many litres. For a 
Birch tree with about 200,000 leave* and standing perfectly free. Vox 
HnliNKt* estimated that 400 litres of water would he lost by evapora- 
tion on a hot dry day ,* on an average the amount would be <50-70 
litres. A hectare of Beech wood gives off on the average about .'10,000 
litres daily ( 2i ). 

It has been calculated that during the period of vegetation the 
Beech requires 75 litres and the Bine only 7 litres for every 100 
grammes of leaf substance. According to Diktkm'ii, for every gramme 
of dry, solid matter produced, there is, on tin* average, 250-400 
grammes of water evaporated. 

Kxi’KftiMKNTAr. l>KMoNKTtt.\rioN or Tu ANsciii vi ms. The evaporation from 
plants, although imperceptible to direct observation, mav be easily demonstrated, 
and its amount determined by the help of a few simple appliances. One method of 
tloing this is to weigh a plant before and after a period of vigorous evaporation, and 
thus determine the amount of water actually 1»*M. <b, if the water evaporated by a 

plant placed under an air-tight bell-jar be absorbed by ealeium ehlorido nr concen- 
trated sulphuric acid, it will only he necessary to determine the increase in weight 
of the absorbing substance to estimate the amount <•! water given off by evaporation. 
The amount of water taken up by a plant may also be shown by so art tinging the 
experiment that the water passes in through a narrow tube, us then even a small 
consumption of water will be quickly indicated by the rapid lowering of the water- 
level, which will be the more, rapid tin* smaller the b<*re of the tube. Sin h a simple 
apparatus is called a potometer. 

The important part taken bv the stomata in the process of transpiration mav be 
easily shown, according to Si am., by means of the cobalt reaction, or the change in 
colour of dark-blue dry cobalt chloride to light rose upon absorption of water. In 
making this experiment a leaf placed between strips of papei which have l>eeh 
previously saturated with this cobalt salt and then thoroughly dried, is laid lietween 
glass plates. The paper on the side of the leaf most abundantly supplied with 
stomata will then first change its colour, and that too the more rapidly the mote 
widely open me the stomata. This cobalt reaction, as also the iron and palladium 
chloride reaction used by Mhimkr. may he used to determine variations in the width 
of the stomatal openings. Kit. Dakwis used a delicate hygrometer for this pur- 
pose in order to follow continuously the variations in width of the opening. 
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It is evident from these and similar experiments that more water is evaporated 
in a given time from some plants than from others. These variations are due to 
differences in the area of the evaporating surfaces and to structural peculiarities (the 
number and size of the stomata, presence of a cuticle, cork, or hairy covering, etc.). 
But even in the same shoot transpiration is not always uniform. This is attributable 
to the fact that, both from internal and external causes, not *>nly the size of the 
openings of the stomata varies, but also that transpiration, just as evaporation from 
a surface of water, is dependent upon external conditions. Heat, as well as the 
dryness and motion of the air, increases transpiration for purely physical reasons ; 
while light, for physiological reasons, also promotes it. From both physical and 
physiological causes, transpiration is much more vigorous during the day than night. 
Plants like hnpatkns jxirriflora, which droop on warm days, become fresh again at 
the first approach of night. 

II. Exudation of Water. — The discharge of water in a liquid 
state by direct exudation is not of so frequent occurrence as its loss 
by evaporation in the form of vapour. Early in the morning, after a 
damp night, drops of water may often be found on the young leaves 
of Indian Corn, and also on tin leaves 
of Alchcniillu and the Garden Nutfurthim, 

These drops gradually increase in size 
until they finally fall off and are again 
replaced by smaller drops. These an*, 
not dew-drops, although they are often 
mistaken for them ; on the contrary, 
these drops of water exude from the 
leaves themselves. They are discharged 
near the apex of the leaves of the Indian 
Corn, but in the case of Alchnmlht from 
every leaf-tooth, and of the Nadurtimn 
from the ends of the seven main nerves 
(Fig. 181). The drops disappear as the 
sun becomes higher and the air warmer 
and relatively drier, but can be produced 
artificially if a glass bell-jar be placed 
over the plant, or the evaporation in 
any way diminished. Whenever plants become overcharged with 
water through the activity of the roots, it is discharged in drops. 
These are pressed out of special water-pores (p. OB), and sometimes 
even from the stomata and clefts in the epidermis ; while in Jhttuni 
they have even l>een observed to exude directly through the walls 
of the epidermis. It is possible to cause similar exudations of water 
by forcibly injecting water into a cut shoot. 

Such exudations of water are particularly apparent on many Atoid*, and drops 
of water may often be seen to fall within short intervals, sometimes every second, 
from the tips of the large leaves. From the leaves of a species of < 'ulocusiu the 
exuded drops of water are even discharged a short distance. In Spallwtitd, a 
tropical meml>er of the Hvjttuainr, tin* space enclosed by the calyx, in which the 
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young iloral organs art* developed, is filled with water p,. Again, in unicellular 
plants, especially some of the Fungi (Mt/cor, Fifobultis , Jin/cumt/ces), the copious 
exudation of water is very evident. The water in this case is pressed directly 
through the cell walls.' 

The organs for the discharge of water, which Haberlandt has 
collectively ■ termed hydathodes (p. 102), in some instances, like animal 
sweat-glands, actively press out the water ; or, on the other hand, 
they may simply allow it to filter through them when the internal 
pressure has attained a certain strength. 

Since the excretion of water in the liquid form can occur when 
the conditions are unfavourable to transpiration ( Lnthmea ), it may in 
a take the place of transpiration in maintaining the current 

from the water-absorbing organs C*°). Its physiological significance is 
not, however, the same as transpiration, since the outpressed water 
always contains salts, and sometimes also organic substances in solution. 
Tn fact the quantity of salts in water thus exuded is often so abundant 
that after evaporation a slight incrustation is formed on the leaves 
(the lime-, scales on the leaves of Saxifrages;. 

In some instances, also, tilts substances in solution in the water 
art* exuded with a purpose, as in the east; of the sk< ’HKT iONs ok 
the nectaries and of the digestive oevnbs ok i.NSErnvoitors 
PLANTS, and of the discharges of the viscid sthimatic elk id. Thu 
excreted substances in these instances exert an osmotic, attraction 
on the water in the cells of the plant; this distinguishes such eases 
from excretion dependent simply on the internal pressure. The sub- 
stances excreted by some desert plants (Hnuuinirift, Tmnnri.r) are so 
strongly hygroscopic that the leaves remain covered with numerous 
drops of liquid even in the drv air and under the arid conditions 
natural to the plants (- 7 ). The superfluous water is discharged by a few 
plants, the Pumpkin, for example, into the cavities of their stems and 
leaf-stalks, and is again absorbed from these reservoirs when needed. 

Special Contrivances for regulating the Water-supply. Almost nil the higher 
plants possess in the power to close their stomata a special imams of checking 
transpiration during a temporary insufficiency of the water-supply. In districts 
subject to droughts of weeks’ or months’ duration, only such plants can flourish as 
are aide cither to withstand a complete drying up without injury ip. 177 ), or to 
exist for a long time on a s<anty supply of water. This last ease is only rendered 
possible by the extreme reduction of transpiration, or by the formation of organs in 
which, in times of a superfluity of water, it may he retained for later use. 

Such protection against excessive transpiration is afforded by the formation of 
cork or eulienlar coverings, by the reduction in the number and m/,. the stomata, 
their occurrence in cavities or depressions, and the more or less complete filling of 
the opening by waxy substances. The rolling up of the leaws, as well as the 
development of thick growths of hair, or of a covering of star-shaped or sculy hairs, 
and the assumption of a vertical position to avoid the full ravs of the sun. are 
also measures frequently adopted to lessen transpiration. The most efficient 
protection, however, from too great a loss of water bv transpiration is undoubtedly 
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obtained by the reduction of the transpiring aurfaoes, either through a diminution 
in the size of the leaves or through their complete disappearance. 

The upright position of the leaves, or the substitution of expanded, perpendicularly 
directed leaf-stalks for the leaves (Pmyllodia), particularly characterises the flora of 
Australia. A clothing of hair, on the other hand, protects the leaves of many South 
African Proteaceac ( c.g . Leucadendron aryenteum). Some of the Gram inear (Stipa 
eapillata , Festuca alpestris, Sesleria tcnuifolia , S. punctoria etc.) roil or fold their 
leaf-blades, in titnes of drought, by means of special hinge-like devices, into narrow 
tubes, and so maintain a sufficient supply of water by diminishing tin' transpiration 
from their stomata. Reduction of the leaves is illustrated by the desert forma of 


Genista and SarotJutmnus and by the Cypress- like Conifers. A complete disappear- 


ance of the whole leaf surface takes place in 
most Cacti, in which also the stems become 
swollen and converted into water -reservoirs 
(Fig. 28). A similar development of succulent 
swollen stems frequently occurs in the Eitphor- 
biaccae (Fig. 182), in the Compost far ( Kleiniu 
arliculata), Asdepiadawac, and many other plant 
families found in arid regions. It ha- been 
estimated ( ,iM ) that the amount of water evalu- 
ated by a Mel on- Cactus is reduced by its ruccu- 
lent development to of that giveu off by 
an equally heavy climbing plant (.-/ ristolovhia). 
Instead of the stem the leaves themselves may 
become succulent, as in the House -leek and 
other species of Sr.niperrimun, also m many 
species of Seduut, Aloe , and Ay<*"*\ Both stem 
and leaves are equally succulent in many species 



of Mcsenibryantheimnn. In other plants, the 
parenchyma of their stem tubers (epiphytic 
Orchids) or of their thickened roots ((ba/idear) 


Flo. 1 SJ. -Kiipliuihtn Ijloi'tw. Tl»e iO* 
ducc<l leaves limy Ite seen on the upper 
globose shoots. 


serve as water- reservoirs. Epiphytic lirornr Hi r rear catch the rain-water in reser- 
voirs formed by their closely -joined leaves, and then eagerly take it up through 
the scaly hairs which cover the leaf surfaces, as in species of 2* if Zands i a. Again, 
many epiphytic Orchids and Aroids collect the rain-water in a swollen sheath 
developed from the epidermis of the aerial root (rrlamrn rudinim, p. 104). 
In the case of other epiphytic Orchids, Aroids, and Ferns ( Asplmium JVidus, 
for instance), the humus ami other material caught in receptacles formed by the 
leaves or aerial roots act like a sponge m taking up and retaining water, while th 
absorptive roots penetrate into those moist, compost -like masses and absorb 
both water and nutrient substances. Many species of Frullania (a Liverwort 
common on Beech trees) possess, on the. other hand, special water-sacs on the 
underside of their thallus (Fig. 323). A particularly remarkable contrivance for 
maintaining a constant supply of water is exhibited by the epiphytic Ifischidia. 
JlajjUnaiui , a number of whose leaves form a deep lmt small -mouthed urn, into 
which the roots grow. It would seem at first sight unnecessary that plants like 
the Mangrove tree, which stand with their roots entirely in water, should require 
protection against too rapid transpiration ; but, as this tree grows in salt or 
brackish water, it is necessary, as in other Halophytes, to reduce the amount of 
water absorbed, in order to prevent a too great accumulation of salt in the tissues. 

In high latitudes, where the soil remains frozen for months at a time, rendering 
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the absorption of water by the plant difficult, arrangements are present to diminish 
transpiration similar to those found in desert plants (®). 


The Absorption of Carbon (Assimilation) 

In any attempt to distinguish the relative importance of substances 
utilised in plant nutrition, carbon undoubtedly ranks first. Every 
organic substance contains carbon, and there is no other element which 
could supply or take part in the formation of so many or such a variety 
of substances, both in living organisms and in the chemical laboratory. 
Organic chemistry, in short, is merely the chemistry of carbon 
compounds. 

It requires no chemical analysis to realise that plants actually 
contain carbon, although in an imperceptible form. Every burning 
splinter of a match shows, by its carbonisation, the presence of this 
element. An examination of a piece of charcoal in which the finest 
structure of the wood is still distinguishable, shows how abundant is 
the carbon and how uniformly distributed. Estimated by weight, the 
carbon will bo found to make up about half the dry weight (when 
freed from water) of the plant. 

Whence do plants derive this carbon 7 The “humus" theory, 
accepted for a long time, assumed that the humus of the soil was the 
source of all the supply ; and that carbon, like all the other nutrient 
substances, was taken lip by the roots. That plants grown in pure 
sand free from humus, or in a water-culture, increase in dry substance, 
and consequently in carbon, clearly demonstrates the falsity of this 
theory. The carbon of plants must therefore be derived from other 
sources ; and, in fact, the carbon in humus is, on the contrary, due to 
previous vegetable decomposition. The discovery made at the end of 
the eighteenth and the beginning of the nineteenth century, that THE 
CAKIloN OF PLANTS IS DERIVED FROM THE CARBONIC ACID OF THE 
atmosphere, and is taken up by the action of the green leaves, is 
associated with the names of Ixgenhouks, Skxkhikr, Theo. de Saus- 
shuk, and tluL. Sachs. This discovery is one of the most important 
in the progress of the natural sciences. It was by no means easy 
to prove that the invisible gaseous exchange between a plant and 
the atmosphere constitutes the chief source of nourishment ; and it 
required the courage of a firm conviction to derive the thousands 
of pounds of carbon accumulated in the trees of a forest, from the 
small proportion (0*033 per cent) contained in the atmosphere. 

The amount of carbonic acid gas contained in the air vaiies at different times 
ami plums. II. Uuown found that in 10,000 litres of air it was 2*7 *2*9 litres in 
July, 3*0-3 6 litres in the winter ; close to the ground 12-13 litres were present in 
the same volume. The average amount, is about 3J-8J litres in 10,000 litres of the 
atmosphere. This weighs about 7 grammes, of which is oxygen, and only yY 
carbon. Accordingly, 10,000 litres of air contain only 2 grammes of carbon. In 
order, therefore, for a single tree, having a dry weight of 5000 kilos, to acquire its 
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2,500,000 grammes of carbon, it must deprive 12 million cubic metres of air of their 
carbonic acid. From the consideration of these figures, it is not strange that the 
discovery of Ingenhouss was unwillingly accepted, and afterwards rejected and 
forgotten. Liebig was the first in Germany to again ctdl attention to this discovery, 
which to-day is accepted without question. The immensity of the numbers just 
cited are not so appalling when one considers that, in spite of the small percentage 
of carbonic acid in the atmosphere, the actual supply of this gas is estimated at 
about 3000 billion kilos, in which are h».ld 800 billion kilos of carbon. This 
amount would be sufficient for the vegetation of the entire earth for a long time, 
even if the air were not continually receiving new supplies of carbonic acid 
through the respiration and decomposition of organisms, through the combustion of 
wood and coal, and through volcanic activity. An adult will exhalo daily about 
900 grammes C0 2 (245 grammes C). Tho 1400 million human beings in the world would 
thus give back to the air 1200 million kilos of OOo (340 million kilos C). The COj 
discharged into the air from all the chimneys on the earth is on enormous amount. 
Credneii calculated that 460,000,000,000 kilos of coal are burnt annually yielding 
to the .atmosphere about 1,265,000 million kilogrammes of carbonic acid gas. The 
whole carbon supply of the atmosphere is at the disposal of plants, as the C’O a 
becomes uniformly distributed by consta nt diffusion. 


Not all plants, nor indeed all parts of a plant, are thus aide to 
abstract the carbon from the carbonic acid of the air. Ordy such 
organs as are coloured green by chlorophyll are capable of exercising 
this function, for the chlorophyll bodies themselves are the laboratories 
in which this chemical process, so important for the whole living 
world, is carried on. From these laboratories is derived the whole of 
the carbon which composes the organic substance of all living things, 
plants as well as animals. Animals are unable to derive this most 
essential clement of their bodies from inorganic sources. They can 
only take it up in organic substances, which have been previously 
formed in plants. Such plants, also, as are without chlorophyll, as, 
for example, the Fungi and some of the higher parasitic plants, are 
dependent for their nutrition upon organic substances previously 
formed by the chlorophyll bodies of other plants. 

Roots and other organs unprovided with chlorophyll, and also the 
colourless protoplasm in the green cells themselves, are similarly 
dependent upon the activity of the chloroplasts. 

The derivation of carbon from carbonic acid and its conversion 
into organic subs' ances is termed Assimilation. In its broadest 
sense, and especially in the animal kingdom, the word assimilation is 
used for all nutritive processes by which the nourishment is built up 
into the substance of an organism. But in Botany the meaning of 
the term has gradual lv been restricted, and now by assimilation the 
carbon assimilation of the chlorophyll granules alone is understood. 
Moreover, ail the other so-called processes of assimilation are dependent 
upon carbon assimilation. 

The chloroph ll bodies, however, cannot independently produce 
organic substances from carbonic acid and water, but require the 
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co-operation of. light (photosynthesis). The chlorophyll apparatus 
is unable to assimilate without light, although all the other require- 
ments are present for active assimilation. Given a source of illumina- 
tion, either natural or artificial, assimilation commences, and, within 
certain limits, increases in proportion to the intensity of the effective 
rays. Unfavourable conditions, such as cold, or the presence of 
poisonous substances, may inhibit the action of the chlorophyll 
apparatus. 

The vibrations of the ether perceptible as light, supply the energy 
for the decomposition of carbonic acid and the production of carbon, 
just as other vibrations, in the form of heat, supply the energy 
requisite for the working of a steam-engine. Not all light vibrations 
are equally capable of arousing the assimilatory activity. Just as the 
rays of different refrangibility differ in their action, both upon the eye 
and the photographic plate, so they have a different effect upon 
assimilation. It would be natural to suppose that the chemically 
active rays, the blue, and violet, which decompose silver salts and other 
chemical compounds, would also l>e the most effective in promoting 
the assimilatory activity of the chlorophyll bodies. Exactly the 
contrary, however, lias been shown to be the case. The highly 
refractive chemical rays have little or no effect on assimilation ; the 
rod, orange, and yellow rays, that is, the so-called illuminating rays of 
the spectrum, are on the contrary the most active ( :J0 ). 

In the red-leaved varieties of green plants, such as the J’nrple Beech and Red 
(•abbage, the chlorophyll is developed in the same manner as in the green parent 
species, but it is bidden from view bv a red colouring matter in the epidermis : in 
the case of the brown ami red Algo*, on the other hand, the chlorophyll pigment 
is concealed by a colouring matter, which is contained in the chromatophores along 
with the chlorophyll. 

In the blue-green fresh water Algm, and also in the hi own and red Seaweeds, 
in which tin* chromatophores contain true chlorophyll in addition to their peculiar 
special colouring matter, the maximum assimilation takes place, according to- 
Knoki.m inn, in another part of the. spectrum than it does in the case of green 
plauts. The assimilation in these Alga* seems indeed to ho carried on in the part 
of the spectrum, the colour of which is complementary to their own ( :n ). All the 
rays of the mixed white light are usually at the disposal of plants growing freely in 
the open air ; only the Seaweeds found in deep water (at the most hut 400 m. deep) 
grow in a prevailing blue light, while the deeper-lying tissues of land plants live in 
rod light, as this penetrates further into the parenchymatous tissues. 

In studying the effect of different kinds of light uj*on assimilation, it is customary 
either to use the separate colours of the solar spectrum, or to imitate them by means 
of coloured glass or coloured solutions. For such exjMiiments it will be found 
convenient to make use of double-walled hell-jars filled with a solution of bichro- 
mate of potassium or of ammoniacal copper oxides. Plants grown under jars filled 
with the first solution, which allows only the red, orange, and yellow rays to pass 
through, assimilate almost as actively as in white light. Under the jars containing 
the second solution, which readily ]>ermits the passage of the photo-chemical rays, 
assimilation is extremely low. 
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But little is known with regard to the processes carried on in .green colls during 
assimilation ; and although it is evident that only the green chlorophyll bodies are 
capable of assimilating, it is still by no means clear what part the green chlorophyll 
pigment performs. The pigment which may be extracted from the protoplasm of 
the chlorophyll bodies makes up only a small part of their substance (about 0. 1 per 
cent), and gives no reaction from which its operations may be inferred. The light 
absorbed by the chlorophyll pigment also stands in no recognisable relation to the 
requirements of assimilation, for the assimilation is not propoitional to the intensity 
of the absorption of the different rays. The proportion of the energy, passing 
through the leaf in the form of light, utilised in assimilation is, according to tha 
thermo-electric measurements of Detlkfskn, only 1 per cent; according to the 
calculations of H. Brown, ^ per cent in sunlight, and over 2 per cent in diffuse 
light (**). It has not as yet been determined what part the mineral constituents 
of the transpiration current take in the process. On the. other hand, the proto- 
plasmic body of the chloroplasts cannot assimilate when the green pigment is not 
present; that is when, from any eause, the. corpuscles are pro* cub'd from turning 
green. For, as the existence of the green pigment is dependent upon the presence 
of iron, of carbohydrates and other load substances, upon a proper temperature, and, 
with few r exceptions (Ferns, Conifers, lower Algie in culture solutions), upon the 
action of light, its formation in the chlorophyll bodies may be proven ted by 
depriving them of the requisites for its development. The chromatophores will 
then remain yellow (in leaves^ or white (in steins), and no longer assimilate. 

"Within recent years it has. indeed, bee’* repeatedly determined that cer- 
tain nitrifying bacteria have the power of forming a small amount of organic 
substances from carbonates, carbonic acid, and ammonia. The process by which 
the organic carbon compound is derived must, however, bo altogether different from 
that of green plants, as the bacteria contain no chlorophyll, and their nutritive 
activity is in no way dependent upon the light. Thu necessary energy is here 
obtained not from photosynthesis but from the oxidation of ammonia into nitrous 
acid, and this into nitric acid (ehemosynthesis). The formation of organic substance 
in the so-called purple bacteria is also insufficiently understood. 


As a result of the chemical processes involved in the decomposing 
activity of assimilation, only the special end-product and one by- 
product are at present known. Sachs discovered that the organic 
compound, first to be detected as the special ultimate products of 
assimilation in the higher plants, is a carrohydratk, which may 
either remain in solution, or in the form of starch grains may 
become microscopically visible at the points of its formation. In the 
ease of the lower plants, in the Alga*, for example, the first visible 
product is often not starch but a fatty oil, protein, or some other 
secondary product. 

A short time after assimilation begins, in sunshine, sometimes 
within five minutes, minute starch grains appear either in the centre 
or on the margins of the chloroplasts. These grains gradually enlarge 
until, finally, they may greatly exceed the original size of the chloro- 
plasts. Should, however, the assimilation cease, which it regularly 
does at night, then the starch grains are dissolved and as soluble 
carbohydrates (glucose, etc.) pas* out of the cell. In some plants 
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(many Monocotyledons) there is no starch formed in the chloroplasts, 
but the products of assimilation pass in a dissolved state directly into 
the cell sap. In exceptional cases, however, starch is also formed 
where there is a surplus of glucose, sugar, and other substances, as, 
for example, in the guard cells of Monocotyledons. This seems then 
to be a reserve substance rather than a special product of assimilation. 

In Trojmeolum , for instance, the formation of 
cane-sugar precedes the production of starch 
in the chloroplasts. 

The formation of starch may be shown 
to be a direct result of assimilation by means 
of the “ iodine reaction,” and without the aid 
of a microscope. If a leaf cut from a plant 
previously kept in the dark until the starch 
already formed in the leaves has become ex- 
hausted, be treated with a solution of iodine 
after being first decolorised in hot alcohol, it 
will in a short time assume a yellowish brown 
colour, while a leaf vigorously assimilating in 
the light will, with the same treatment, take 
a blue-black colour, in Fig. 18d the result 
of the iodine reaction is shown on a leaf, 
part of which had been covered with a strip 
of dark paper or tinfoil. The cells darkened 
by the overlying paper or foil formed no 
starch, while those exposed to the light are 
shown by the iodine reaction to be full of it. 
A green leaf kept in air devoid of car- 
bonic acid, although fully exposed to the light, will similarly form 
no starch. 



i».. l.s:i. A leal* showing tin* 
iodine miction. Cart of an 
iiHsimilatinK leal uus covered 
with ii strip of tinfoil. After- 
wards. when treated with a 
solution ot iodine, the part 
of the lent darkened by the 
oveil>m« tinfoil, huvmu 
funned no starch, ^a\e 
colour reaction. (2 wit. 

Sl/e. ) 


The by-product, arising from the assimilatory process is miK 
oxvtiKN. The volume of oxygen thus set free is nearly equal to the 
Noluine of carbonic acid taken in. If plants assimilate in a known 
quantity of air containing carbonic acid gas, its volume will therefore 
remain nearly the same. The chemical process of assimilation result- 
ing in the decomposition of the carbonic acid may be thus expressed: 


M'O.. i r»H.,0 

(Starch) 

From this chemical equation ( Xi ) it is evident that WATER is 
RE^rism; I'm; the imuk’Ess of assimilation. I’iie actual composi- 
tion of starch corresponds rather to a multiple of the above symbol, 
or n(( \ ; ll Jn (>. ), so that the whole equation should be multiplied by n. 

The oxygen given oil* by green plants, although not perceptible 
when they are growing in the open air, becomes apparent in the case 
of water plants, b- It was, indeed, through the evolution of bubbles of 
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oxygen from water plants that Inuknhouss first had his attention 


called to the assimilatory activity 
of leaves. To see this process, it 
is only necessary to place a cut 
stem of a water plant in a vessel 
of water exposed to the sunshine, 
when a continuous series of small 
bubbles of gas will at once be seen 
to escape from the intercellular 
passages intersected by the cut. 
The gas thus evolved may lie col- 
lected with little trouble (Fig. 184), 
and will be found to be chiefly' 
oxygen, but containing also traces 
of other gases derived by diffusion 
from the plant and the water. As 
water absorbs much less oxygen 
than carbonic acid (at a temper;! 
ture of 14° C. 100 vols. of water 
will dissolve onty 3 vols. of oxy- 
gen, but 100 vols. of carbonic 
acid), the escaping bubbles of oxy- 
gen become visible ; whereas the 
How of the carbonic acid dissolved 
in the water to the assimilating 
plant is imperceptible. 

Artificially conducting carbonic acid 
through tlie water increases, to a certain 
degree, the evolution of oxygen, and thus 
the assimilatory activity. Similarly an 



I'm. 1.S4. Evolution of ovy^m from ussimiliit.iiiK 
plant-.. In the kIuns cylinder (\ filled with 
water, are plaeed stems of Klnilrtt vuumh'Hsiit , 
the tieshly-cut, ends of the stems tire inlro- 


artilicfal increase ol‘ carbonic acid in the 
air is followed by increased assimilation. 
According to Kur.rsLEi: assimilation in 
sunshine attains its maximum in air con- 
taining about 10 per cent of carbonic acid : 


e 1 1 need into the test-tube /»*, whirli is also full 

of wafer. The tfii.s-bubbles //, rising from the 
ent surfaces, collect at S. //, stand to sup- 
port the test-tube. 

[•id : with a higher percentage it begins to 
acid gas be increased three hundred times 


decrease. If the amount of carbonic acid gas be increased three hundred times 
(IY„m 0.0:W per cent to 10 per rent in the atmosphere,, the formation of starch is 
only increased 4-5 times, while an increase of the CO., to six times the, normal propor- 
tion results, according to If. Knows-, in the formation of six times as much starch (•“). 

Carbon monoxide (CO) cannot he utilised by green plants ; it cannot take the 
place of the carbon dioxide, and is poisonous to plants, though less so than to animals. 

Under tho same external conditions, the assimilatory activity of different plants 
may vary from internal causes. In the same time and with an equal leaf surface, 
one' plant will form more, and another less carbohydrates. In this sense, it is 
customary to speak of a “ specific energy of assimilation," which ia partly duo to 
the different number and size of the ohloroplasts, as well as to a difference in the 
air-spaces and consequent aeration of the leaves, but, without doubt, lias also its 


cause in their greater or less energy. 
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As examples of, medium assimilatory activity, the leaves of the 
Sunflower and Pumpkin may be cited. Under conditions favourable 
for assimilation, the leaves of these plants form in a summer day of 
fifteen hours about 25 grammes starch per square metre, while Gatalpa , 
according to Brown, forms 1 gramme per hour and square millimetre of 
surface. The carbon for the formation of the starch was supplied in 
this case from 50 cubic metres of air. A room of 120 cubic metres 
would accordingly contain enough carbonic acid for 60 grammes of 
starch. From these figures a faint conception may be gained of the 
enormous activity of the assimilatory processes, which are necessary 
to furnish the yearly grain supply of a large country. 


The Mechanism of Gaseous Exchange 

The gaseous exchange between one of the lower plants (or a submerged Phanero- 
gam) and the surrounding medium is carried on by diffusion through the whole 
surface of the plant. In a more highly organised plant the exchange takes place 
by meauB of the stomata. The escape of aqueous vapour and the entrance and 
escape of carbonic acid gas and oxygen in tlu* processes of assimilation and respira- 
tion (p. 216) alike take place almost entirely through these openings. But in spite 
of their enormous number, the total area of the stomatal apertures is only about 
1 per cent or loss of the whole surface area, for each individual opening is very small 
(about 0*0001 *q. mm. m Ucliaathus). Biiown and Encom he have, however, shown 
that the minuteness of the openings, i unbilled with the peculiar distribution of the 
HtomatA, results in a greatly accelerated rate of diffusion. Diffusion through a 
number of fine apertures ia much greater than through a single aperture of the same 
total area. When the small openings are placed about ten times their diameter 
apart the diffusion is nearly as rapid as when no separating wall is present. The 
distribution of the stomata in the epidermis very nearly meets these requirements. 
For example, a square millimetre of the surface of a Cataljxt leaf absorbs about 
two-thirds the amount of carbonic acid gas taken up in an equal time by the same 
area of potash solution freely ex|K>sed to the air ( x> ). 


The Utilisation of the Products of Assimilation 

The Formation of Albuminous Substances.- -The chlorophyll 
bodies supply plants with organic nourishment in the form of a 
carbohydrate. Although the greater part of the organic plant sub- 
stance consists only of carl K>hy d rates, as, for example, the whole 
framework of cell walls, vet the living, and consequently the most 
inqiortant component of the plant-body, the protoplasm, is composed 
of albuminous substances. These albuminous substances have a com- 
, position altogether different from that of the carbohydrates. In 
addition to carbon, oxygen, and hydrogen, they also contain nitrogen, 
sulphur, and frequently phosphorus, the nitrogen indeed in consider- 
able proportion (about 15 per cent). There takes place accord- 
ingly within PLANTS A NEW FORMATION OF ALBUMINOUS SUBSTANCES 
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from THE carbohydrates. There are certain indications that this 
formation is, in part, accomplished, within the green cells of the leaves, 
but it must also be carried on in cells devoid of chlorophyll, as, for 
instance, in those of the Fungi. 

As little is known concerning the process of the synthesis of the albuminous 
substances of plants as concerning the formation of the carbohydrates from the 
carbonic acid and water. It has generally been supposed that they are formed 
from the carbohydrates aud mineral substances already mentioned, as these are 
known to be transported to the region where the formation of protoplasm occurs, 
and are there consumed. The carbohydrates utilised in this process seem to be 
principally glucose (both grape-sugar, dextrose, C 6 H rj 0„ + }I,0, and fruit-sugar, 
1 ami lose, C 6 H 12 0 6 ) and maltose (CgH^Ou -t- H 2 0) ; for, whatever may be the form 
of the original carbohydrate, whether starch, inulin, cane-sugar, reserve-cellulose, 
or glycogen, glucose or maltose is always the lirst product formed from it. 

The mineral nitrates, sulphates, and phosphates take part in the process, chiefly 
in the form of potassium and magnesium salts. Nitrogen and sulphur are liberated 
from the nitrates and sulphates, with decomposition of the acid radicals ; while of 
the phosphates, the acid group is utilised in the formation of nuclein in the coll 
nucleus. Iron, which is an essential for all plants, appears to enter into the compo- 
sition of the nuclein. Calcium salts, although they take no direct part in these 
processes, seem, nevertheless, to be indispensable. Their importance, indeed 
absolute necessity, for most plants, is due to + heir functioning as a medium for 
conveying the mineral acids, and for neutralising, or precipitating, injurious by- 
products which are produced in the formation of albumen. The most frequent of 
these by-products is oxalic acid (C 2 U 2 0 4 ), which, either as a free acid or as a soluble 
potassium salt, acts as a poison upon most plants. The oxalate of potassium, which 
is first formed from the potassium nitrate, reacts wiili the calcium salts present, 
with the formation of calcium oxalate, which is only slightly soluble, and, as it 
accumulates, crystallises out and thus becomes harmless. ‘Wherever the formation 
of albumen or nuclein takes place, oxalic acid is formed, the calcium salts of which 
may usually be found in adjacent cells often in enormous quantities, in the form ot 
aggregates of crystals, rapliides, or crystal sand. 

On account of their occurrence and behavioui in plants, the amides and hexa- 
carbon bases are regarded as preliminary stages in the formation of albuminous 
substances. Among the amides asparagin, (.•.dJ ;i (NIl 2 )(00NH 2 )(C00H), is note- 
worthy on account of its wide distribution. It is present in abundance in (/ rainwear 
and 'Leguminosae (one litre of sap from tyean seedlings contains about 12-l. r > grammes). 
In the Cruciferac and Cucurbit accac it is replaced by glutamin. while in the Conifer ar 
a hexa-carbou base (arginin, C B H 14 N 4 G 2 ) appears to play the same role. Any real 
knowledge of the mode of origin and transformation into more complicated albu- 
minous compounds of these and similar nitrogenous substances (e.g. betain, leucin, 
tyrosin, and allantoin) is at present wanting. 

The colloidal nature of many albuminous substances, which hinders their osmotic 
diffusion, is of importance since it facilitates their recognition by appropriate 
reactions and their localisation in the protoplasm ( M a ). 


Transfer of the Products of Assimilation 

When colloidal proteid substances are to be conveyed through the 
tissues, as, for example, from seeds rich in proteids into the seedlings, 
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they are first . decomposed into soluble substances. According to 
Schulze ( 3<i b ), albumoses and peptone are first formed, and these are 
then broken up int& amides and hexa-carbon bases ( e.g . arginin), and 
sometimes even into compounds of ammonia. They are in this 
diffusible form transferred to places where, in combination with carbo- 
hydrates and mineral acids, they are used anew in the formation of 
albumen. 

In addition to the transfer of nitrogenous constructive material 
through the parenchymatous tissues, the long-distance transport of 
the heady -foiimed ALBUMINOUS substancks seems rather to take 
place through the open sieve-tubes of the hast. It appears to be in 
the sieve -tubes, which contain, during life, albuminous substances, 
starch grains, drops of oil, and leptomin (p. 77), that the conduction of 
organic substances is effected from the leaves to the roots. In fact, 
it was long ago concluded that the increased thickening of the cortical 
layers observed just above wounds made by ringing trees, was due to 
the interruption and detention of a flow of nourishing sap through 
the hast towards the roots. 

The transfer of the carbohydrates through unbroken cell walls to 
the various points of consumption can only be accomplished when they 
are in solution. In case they are not already dissolved in the cell sap, 
in the form of glucose, maltose, sugar, or inulin, they must first he 
converted into soluble substances. This is of the highest importance 
for the transfer and utilisation of starch and reserve cellulose. The 
former is converted by the influence of diastase into glucose or maltose. 

Diastase belongs to those peculiarly acting substances termed 
unorganised FERMENTS oil ENZYMES, which possess the remarkable 
power of decomposing or transforming certain organic compounds 
without themselves becoming changed or consumed in the process. 
By virtue of this property they are enabled to transform unlimited 
quantities of certain substances. According to their most important 
physiological properties, diastatic, peptonising or proteolytic, and in- 
verting enzymes are recognised, which act on starch, albuminous sub- 
stances, and sugars respectively. These groups do not, however, 
exhaust the various ways in which these substances, which play such 
an important \mt in the chemical changes taking place in the organism, 
act. Thus there are trypsin-like ferments which dissolve albumen in 
an alkaline medium, ferments which dissolve membranes of cellulose, 
wood, or chitin, those that decompose glucosides and oils, and others 
that convert urea into ammonium carbonate. These and other enzymes 
have been found in plants, and there is no doubt that such bodies play 
a part in many imperfectly understood processes, especially in Fungi. 
A point which the enzymes named above have in common is their 
hydrolytic mode of action. They introduce the elements of water into 
the substance acted on, starch (F,.H lu O.), for example, being converted 
into soluble glucose (l\,H ia O*). 
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Buchner discovered that the expressed sap of the yeast-plant, 
even after being filtered, is able to transform grape-sugar into alcohol 
and carbonic acid. He ascribed this property to a special enzyme 
termed zymase. This substance, which approximates to the oxydases 
(i.e. enzymes which act by introducing oxygen), differs so widely in 
some of its properties from the known enzymes that it is a question 
whether it is really of the same nature. 

Enzymes are for the most part colloidal albuminous substances which are formed 
from the protoplasm, and exhibit a so-called catalytic mode of action. They are 
easily rendered inactive by poisons or by too high a temperature. Inorganio sub- 
stances, such as finely -divided iridium or platinum, exhibit a similar catalytic 
action to enzymes. Their power of exciting fermentation is thus not duo to any 
vital property ; they are simply chemical substances, and like them, when in 
solution, may be precipitated, etc., without losing any of their active principles. 
Diastase, for example, may be extracted from germinating barley seeds by water or 
glycerine. After it has been precipitated by means of alcohol and dried to a powder, 
it may again be dissolved in water, and will still be in a condition to transform 
enormous quantities of starch, especially if in the form of paste, into sugar 

Other substances similar to diastase, and also capable of dissolving starch, art* 
widely distributed throughout the vegetable kingdom, and are classed together as 
diastatie ferments. They are especially abundant in starchy germinating seeds, as 
well as in tubers and bulbs, in leaves and young shoots. They have also been 
found, strange to say, in organs where there was no starch for them to act upon. 
The diastatie transformation and dissolution of the starch is accomplished in a 
peculiar manner. The starch grain is not dissolved as a homogeneous crystal, 
uniformly from the surface inwards, but becomes corroded by narrow omuls, until 
it is finally completely disorganised and fulls into small pieces (Fig. 18f>). 

The transformation of the starch formed in the chlorophyll cor- 
puscles during the day, takes 
place, as a rule, at night ; 
for in the daytime the action 
of the diastatie ferment is 
counterbalanced by the forma- 
tion of new starch. The 
glucose which is thus produced 
in the leaves passes out of 
the mesophyll cells into the 
elongated cells of the vascular 
bundle-sheaths. The glucose 
and maltose are transferred 
in these conducting sheaths 
through the leaf -stalks into 
the stem. Thence they are 
conveyed to the young shoots and buds or carried down to the 
roots; in short, they are finally transported to [daces where they 
are required for the nutrition of the plant. The glucose and maltose 
often become converted into other carbohydrates during their passage 



Fu .. I >if!*-r«'i»t -U.uj4<*s of corrosion shown by the 

starch grains of geniiiiKit in^ Hurley. 
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from one organ to another, particularly into starch. Starch thus 
formed from other carbohydrates, and not directly by assimilation, is 
often referred to as transitory starch, and is usually distinguish- 
able by the smaller size of the grains. At the points of consumption 
these carbohydrates are again converted into glucose, in which con- 
dition alone they seem adapted for direct nutrition. 

The Storage of Reserve Material 

Alt the products of assimilation are not at once consumed. In 
spite of this, however, assimilation is continued, and the surplus 
products beyond the requirements of immediate consumption are 
accumulated as rkhkrvk material for future use. In our herbs, 
bj|phe», and trees, as the yearly growth and consequent consumption 
cjpise at the end of each vegetative period, and as the assimilating 
hrgatis have by that time attained their greatest expansion and 
efficiency, the surplus of reserve material is the greatest at the close of 
the season, and is stored in special reservoirs of reserve material. 
All growth of the succeeding year, either of the plants themselves or of 
their embryonic offspring, is dependent upon the existence somewhere 
of a supply of reserve material, which may be utilised by the plant 
until the organs of assimilation are developed. Reserve materials 
will accordingly be found stored in different forms in the cells of the 
embryo, or in the surrounding tissues of the seed, in underground 
rhizomes, tubers, bulbs, and roots, or in the cortical layers, the 
medullary rays, the wood parenchyma (especially the fibres), and the 
medulla of persistent stems. Conveyed to these depositories of reserve 
material, the glucose and maltose are again converted into other carbo- 
hydrates, usually starch, which is formed from them by the activity 
of the starch-producing leucoplasts. In other cases the reserve carbo- 
hydrates take the form of cane-sugar (the sugar-beet contains 5-8 
per cent, and selected varieties 18 per cent), inulin, or reserve cellulose 
(cjj. vegetable ivory in the fruit of I'Jn/MepInts). Still more remarkable 
is the transformation of carbohydrates into fats and oils, occurring in 
the ripe and ripening seeds of many plants, in fruits (Olive), and also 
in strictly vegetative tissues. In winter the starch in the wood of 
many trees also becomes converted into oil, but in the succeedin'? 
spring it is again changed to starch. It is finally, at the opening of 
the lmds, converted into glucose or maltose, and conveyed bv the 
transpiration current to the young shoots. Other receptacles of reserve 
material contain scarcely any carliohydratc, but. on the other hand 
there is much more albuminous matter in the form of thick protoplasm, 
aleurone grains, protein crystals, and fats (seeds of Iticinus). That in 
the germination of young plants similar tissues with protoplasm, 
nucleus, cell walls, etc., are formed from these different materials] 
seems to indicate that all these constructive materials are of almost 
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1 equal value to the plants. This is due to the fact that plants can, 
apparently without difficulty, tirnsform the carbohydrates, fats, or 
albuminous substances one into the other, a result not yet accom- 
plished by chemical processes. 

Other Products of Metabolism 

The chemical activity of the vegetable *.ell is by no im.m.s exhausted in the 
production of the substances mentioned : the increasing number of chemical com- 
pounds found to be derived from the first product of assimilation is a matter of con- 
tinual surprise. Of most of them neither the inannet of their formation nor their 
full importance in metabolism is understood. The conditions are not even fully 
known which are necessary for the formation and functional activity of the oKcjanic 
acids (malic, tartaric, citric, etc., which may in part be considered as products of 
imperfect respiration) and tannins, although both are so frequent in plants. The 
function of the glucosides is also imperfectly understood. These are nitrogenous 
and non-nitrogenous compounds, and are not widely distributed. They are soluble 
in water, and by the action of ferments or dilute acids are broken up into glucose 
and other derivative products. It is t »neeivable that a local combination of such 
diffusible substances plays a part in the formation of glucosides and tannins. In 
the A mygda l accae they appear as Amygdalin. in the Solan a rear as the poisonous 
solanin, in the Crnci ferae (mustard seeds) as mykonig acid, in the bark of the 
Horse-chestnut as the extremely fluorescent a:> 'iulin, in species of Jfigitalix as the 
poisonous DIGITALIS. Certain plants (Indigofcra, I'ohnjomnn iinctorium) contain 
indican, the glueoside of imloxyl ; the latter substance is con verted by oxidation into 
indigo. According to Bkykimn' k, Woad (fsat is U actor ia\ contains free imloxyl ( f<7 ). 
Conifekin, which is contained in lignilied cell walls, and especially in the oambial 
sap of the Conifers, is also included in the glucosides. Coniferin has recently 
acquired an economic value, as from it a a killin', tin* aromatic principle of vanilla, 
may be artificially produced. In this process the coniferin is decomposed, through 
the action of a ferment or acid, into glucose and eoniferylalcoliol, through the 
oxidation of which its aldehyde, vanillin, is iormed. (According to lirssK, this 
substance is contained in the leaves of the Vanilla plant in combination with a 
glueoside, and becomes free from the latter as the fruit ripens.) 

It is as yet unknown what part in the metabolic processes of plant# is performed 
by the hitter principles, such as the i.rm.is of Hops, ALotN of Aloes, aiisyntjiin 
of Wormwood. There is the same uncertainty with regard to the functions of the 
alkaloids. Since most alkaloids* mkychnin, iiuugik, vkiiatuin, coniin, 

MUSOAMN, ATKOPIN, QIJININ. MOKP11IN, CODEIN, CO FEE IN (them), Til KOHKOMIN, 
ACON1TIN, COLCHICIN, nicotin, 1'II.ocakptn, cocaink, etc., are violent poisons, 
their vegetable bases and repugnant bitter principles furnish a certain protaction 
to plants against destructive animals. This, however, does not preclude thes pos- 
sibility that they, like the poisonous oxalic acids, may at the same time have an 
important physiological significance. Thus, according to Tnicun, hydrocyanic acid 
plays the same part in the formation and transport of proteids in Pangium edulc 
as the amides do in other plants ( w ). 

The colouring matters and ethereal oils, although in actual weight present 
only in small quantities, make themselves particularly noticeable to the senses of 
sight and smell. They probably represent only by- and end-products of metabolism ; 
and, with the exception of chlorophyll, take no further part in the vital processes of 
plants, except in so far as they are beneficial to the general well-being by enticing 
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( e,g . flowers, fruits) or repelling animals. Their oecological significance is accordingly 
much better knotfu than 'heir physiological function. Just as the ethereal oils are 
frequently found in . pedal excretory receptacles, the resins, gum-resins, and gum- 
mucilages, which are also excretion products, are usually deposited in canals or 
glandular cavities, and are often mixed with ethereal oils. Whether their for- 
mation in the particular instances is necessary for the carrying out of the normal 
processes of metabolism is altogether uncertain. They are, at any rate, useful to 
plants when wounded, serving as a protection against evaporation and the attacks of 
parasites. On a square centimetre of the surface of the splint-wood of the Pine, 
sixty to seventy resin canals open, and the wood contains, according to Mayr, 22 
kilos, of resin in every cubic metre. 

The significance the so-called india-rubber (caoutchouc) and gutta-percha 
in the latex in the economy of the plant is still less known. In addition to these 
substances, there also occur in latex, resins, ethereal oils, alkaloids (in opium), 
leptomin, starch grains and other carbohydrates, oil - drops and albuminous 
M^bat&nces. The presence of these substances, which are valuable as constructive 
nlkterial, and occasionally also of active enzymes (peptonising ferments are found 
in the milky juice of Ficus Carica and Cur in: I'apcf/ii), gave rise to the suggestion 
that the latex cells and tubes function in the transport of the nutrient matter. It 
has, however, been found that, even in starved plants, the latex remains uncon- 
sumed ; and the present knowledge of these often caustic and poisonous saps is 
limited to their external utility in the economy of plant life. By their obnoxious 
properties they defend plants from the attacks of enemies. Also, in the event of 
plants being wounded, the latex is pressed out either by the surrounding turgescent 
tissue or by the tension of +he elastic walls of its own cells, and forms, as it quickly 
coagulates in the air, an cllicient covering for the wound. In other plants, especi- 
ally in trees, wound gum serves the same purpose. 


Special Processes of Nutrition 

Parasites, Saprophytes, Symbionts, and Insectivorous Plants. — 

The acquisition of organic nutritive substances through the activity of 
assimilating green cells is the most frequent, and is consequently con- 
sidered the normal method of plant nutrition. Other modes of 
nutrition are only possible at tin; cost of organic substances already 
produced by the assimilating activity of green plants. Some plants 
forego all attempts to develop an adequate chlorophyll apparatus, and 
by so doing lose all ability to provide themselves with nourishment 
from the inorganic matter about them. 

Great numbers of such colourless plants derive their nourishment 
from the bodies of dead animals and plants. All organic matter at 
one time or another falls into the power of such plants as are devoid 
of chlorophyll ; it. is chiefly due to their decomposing activity in the 
performance of the nutritive processes that the whole surface of the 
earth is not covered with a thick deposit of t he animal and plant 
remains of the past thousands of years. These peculiar plants are not 
satisfied with the possession of the lifeless matter alone ; they even 
seize upon living organisms, both animal and vegetable, in their search 
for food. 
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It is chiefly the vast number of Fission-Fungi (Bacteria) and true 
Fungi which nourish themselves in this way as parasites (upon living 
organisms) or as saprophytes (upon decaying remains of animals and 
plants). But even some species of the most widely separated families 
of the higher phanerogamic plants have also adopted this method of 
obtaining food. 

As a result of this modification of their manner of life, the organi- 
sation and functions of these higher plants have undergone the most 
remarkable transformation. From the corresponding changes in their 
external appearance, it is evident how far-reaching is the influence 
exercised by the chlorophyll. With the diminution or complete 
disappearance of the chlorophyll, and consequent adoption of a 
dependent mode of life, the development of large leaf surfaces, so 
especially fitted for the work of assimilation, is discontinued. The 
leaves shrink to insignificant scales, for with the loss of their assimi- 
latory activity the exposure of large surfaces to the light is no longer 
essential for nutrition. For the same reason active transpiration 
becomes unnecessary ; the xylem portion of the vascular bundle 
remains weak, and secondary wood is feebly developed. In contrast to 
these processes of reduction resulting from a cessation of assimilation, 
there is the newly-developed power in the case of parasites to penetrate 
other living organisms and to deprive them of their assimilated products. 
In saprophytic plants, however, where the question is merely one of 
absorbing nourishment from organic remains, the external adaptations 
for taking up nourishment continue more like those for absorbing 
the mineral salts from the soil, for it then depends oidy upon an 
intimate union with the decaying substances. 

Cuscuta europlica (Fig. 18G), a plant belonging to the family of the iUmvolvn- 
laccac , may be cited as an example of a parasitic Phanerogam. Although, through 
the possession of chlorophyll, it seems to some ex lent to resemble normally assimi- 
lating plants, in reality the amount of chlorophyll present is so small that it will he 
at once evident that Cuscuta (Dodder) affords an example of a well-equipped parasite. 

The embryonic Cuscuta plantlet, coiled up in the seeds, pushes up row the 
ground in the Spring, but even then it make* no use of its cotyledons as a source 
of nourishment ; they always remain in an undeveloped condition (Fig. 1HJ, Ht. the 
right). Nor does any underground root system develop from the you eg rootlet, 
which soon dies off. The seedling becomes at once drawn out into a long 
thin filament, the free end of wlii-h moves in hioml circles, and so inevitably 
discovers any plant, available as a host, that may be gi owing within its teach. 
In case its search for a host plant is unsuccessful, the seedling is still nhle to creep 
a short distance further at the expense of the nourishing matter drawn f cm the 
other extremity of the filament, which then dies off (/) as the growing extremity 
lengthens. If the free end, in the course of its circular movements, comes 
ultimately into contact with a proper nourishing plant, such as, tor example, 
the stem of a Nettle or a young Willow shoot (Fig. 18G, in the centre), it twines 
closely about it like a climbing plant. Papillose prot u Iterances of the epidermis 
are developed on that side of the parasitic stem in contact with the host plant, 
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and pierce the tissue of the host. If the conditions are favourable, these pre- 
hauktoria are soon followed by special organs of absorption, the haustoria (H). 
These arise from the internal tissues of the parasite, and possess, in a marked 
degree, the capability of penetrating to a considerable depth into the body of the 
host plant by means of solvent ferments and the pressure resulting from their own 
growth. They invade the tissues of the host, apparently without difficulty, and 



Fk<. I8«*. t'nsaiti i turopift. On tin* right, germinatm/ seedlings. In the middle, u plant of 
tWuhi parasitic on ti Willow twin ; reduced leaves ; 1.7, flower-clusters. On the left, cross- 
snctiou of the host, plunt U\ showing haustoria // of the parasite Cm, {tenet rating the cortical 
parenchyma umi in intimate coutact with tlie xylem r and the phloem r of the vascular 
bundles ; s, mptnred cap of sheathing Hden*nrhyma. 

fasten themselves closely upon its vascular bundles, while single liypha-like 
filaments produced from the main part, of the haustoria penetrate the soft parenchy- 
matous cells and absorb nourishment from them. A direct connection is formed 
between the xylem and phloem portions of the bundles of the host plant and the 
conducting system of the parasite, for in the thin-walled tissue of the haustoria 
there now develop both wood and sieve-tube elements, which connect the corre- 
sponding elements of the host with those of the parasitic stem (Fig. 186, at the left). 
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Like an actual lateral organ of the host plant, the parasite draws its transpiration 
water from the xylem, and its plastic nutrient matter from the plrioem of its host 

The haustoria of Oroban che (Broom rape), another parasite, penetrate only the roots 
of the host plant, and only its light yellow or reddish brown or amethyst-coloured 
flower-slioot appears above the surface of the ground. Orobanchr, like Cu scuta, also 
contains a small amount of chlorophyll. Both are dreaded pests ; they inflict 
serious damage upon cultivated plants, and are difficult to exterminate. 

Many parasitic plants, especially the Pajitfsiaccac, have become so completely 
transformed by their parasitic mode of life that the) develop no appat »*nt vegetative 
body at all ; but grow altogether within their host plant, whence they send out at 
intervals their extraordinary flowers. In the case of Vilastyhs, a parasite which 
lives on some Asiatic species of Astrayatus, the whole vegetative body is broken 
up into single cell filaments, which penetrate the host plant line tin* mycelium of 
a fungus. The flowers alone become visible and protrude from the leaf-axils of the 
host plant ( :11 *). 

In addition to these parasites, which have come to be abolutoly 
dependent upon other plants for their nourishment, there are certain 
parasites which, to judge by external appearances, seem to be quite 
independent, for they possess large green leaves with which they are 
able to assimilate vigorously. In spite of this, however, these plants 
only develop normally, when their root system is in connection with 
the roots of other plants by means of <lis -shaped haustoria. Thrsium, 
belonging to the Stmfalacme , and the following genera of the Writutn- 
tharene , Jttinanfhu s, Euphrasia, and Pedicular is, may be mentioned as 
examples of plants showing these peculiar conditions. The Mistletoe 
( Vise am album), although strictly parasitic, possesses, nevertheless, like 
many of the allied foreign genera, of the Emu uiho rear, fairly large 
leaves well supplied with chlorophyll, and fully able to provide all the 
carbohydrates required. It obtains, however, from the host plant (as 
Hkinkichkr has also shown to be probable in the case of the Jihinau 
thaceae) its supply of water and dissolved salts. Another member of 
the Rhinantharrar, Mebnnju/rum, has, on the other band, adopted a 
saprophytic mode of life ( l0 ). 

Humus plants, like some of the Orrhidmra /* (A rotfia, ( 'oral/iorrhiza, 
etc.), and the Monotropeac, are restricted to a purely saprophytic mode 
of nutrition, and to that end utilise tin* leaf-mould accumulated under 
trees. 

The roots and rhizomes of these saprophytes stand in most intimate relation 
with fungal hyplm*. Tin* same indeed holds for the majority of green plants which 
grow in woods and heaths, where the soil is rich in humus. The fungal hyphie are 
sometimes present in coiled masses within the cells of a definite zone of the cortex, 
only occasional filaments passing outwards to the soil. In other cases the fungus 
surrounds the young roots with a dense investment of interwoven hyphie. The 
former arrangement is spoken of a* endotrophie, the latter as exotrophic mycorhiza ; 
the two types are, however, connected by intermediate forms. A direct exchange 
of substance between the soil and thereof would appear impossible in the case of 
the exotrophic invcorhiza. On this ground, and because, despite the reduced surface 
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exposed to the humus-containing soil by the roots or rhizomes of total saprophytes, 
these obtain sufM<*ient nutriment, a co operation of the fungus in the nutrition of 
such plants has been assumed. The results of culture experiments lend further 
support to this view. Little is known as to the nature of the relation between the 
fungus and the saprophyte, however. Jansk and others assume that the presence of 
the fungus makes combined nitrogen available to the plant, while Stahl ( 41 ) sees its 
use in a better supply of salts from the soil. The latter view, however, could only 
be a sufficient explanation in the case of green plants. 


The relation between roots and Bacteria in the case of the Legumi- 
noxw L better understood. It has long been known that peculiar out- 
growths, the so-called RooT-Ti KKlioi.ES, are 
found on the roots of many Legumimme 
(Bean, iVa, Lupine, Clover, etc.) (Fig. 187). 
Within the last few years, the astonishing 
discovery has been made that these tubercles, 
of which a single bean plant mav bear 4000, 
are caused by certain Bacteria, chiefly by 
ItarUln* nulhiaAii (llhiytbium Irgiivunoxanim). 
These Bacteria penetrate through the root- 
hairs into the cortex, of the roots, and there 
give rise to the tubercular growths. These 
tubercles become filled with a bacterial mass, 
consisting principally of swollen and abnor- 
mally developed (hypertrophied) BArTF.ni- 
olhs, lmt in part also of Bacteria, which have- 
remained in their normal condition. The 
tonner seem to be eventually consumed by 
the. host plant, while the latter remain with 
the dead roots in the soil, to provide for 
future reproduction. As the experiments 
of H FI.I.KIKOFJ. and the investigations of 
Nokkk, BKYKRlNrK, liiLTXF.K, and others ( 42 ) 
prove, we have here a case of mutual para- 
sitism like those termed symbiosis by Dk 
Baky. AV hilt; the Bacterium lives on carbo- 


l HI. 1ST. A of J*n HI hllut, 

with nuiiKTom root •tubm > toi. 
(IlC'LirtHl.) 


hydrates supplied by the host plant, the 
latter profits by the power of fixing free 
nitrogen possessed by the Bacteria. While 
these remain alive they furnish a steady 
supply of nitrogenous substance to the 


leguminous plant, and ultimately the remaining substance of the de- 


generated Buetorinids is absorbed. The fact that the tubercle-forming 
Ism tn hi o*t' could flourish on ground poor in nitrogen and could 


accumulate stores of reserve proteids was known in the time of Pliny, 
and these plants have long been known to form crops which enrich 


the soil by this accumulation of nitrogen. 
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If the soil in which such a leguminous plant grows contains a sufficiency of 
nitrate, few tubercles are formed ou the roots. A similar immunity against infec- 
tion V obtained by plants which bear a number of actively functional tubercles. 
■In addition to the Lcguminome (in which order only Irlcditxchia triacanthos lias as 
lift been found free from tubercles) * uberclo formation due tc a symbiosis with a 
fewer organism is Wiown in E/aeagu us and Alnus. According to Non he and Hiltnek, 
these plants can also utilise free nitrogen. The*e authors have also shown that the 
same holds fur J'txlwrpns, which possesses mycorhiza, thus giving experimental con- 
tinuation to a suggestion of Janse. 

While among the higher plants only isolated forms have become 
total plUptes or saprophytes, while in others the parasitism or sapro- 
phytism is occasional or partial, among the lower plants large 
families with innumerable genera and species are found completely 
devoid of chlorophyll (Fungi and Bacteria), and altogether para- 
sitic or saprophytic in their mode of life. Of the Fungi and Bac- 
teria some are true parasites, and are often restricted to certain 
special plants or animals, or exon to distinct organs; others, again, 
are strictly saprophytic in their habit, while others may be either 
parasitic or saprophytic, according to circumstances. What renders 
the conduct of these lower organisms particularly striking is the 
peculiarity possessed by many of them of not fully utilising all of 
the organic matter at their disposal ; hut, on the contrary, so de- 
composing and disorganising the greater part of it by their fermen- 
tative activity that their own development soon becomes restricted. 
When Mn cor- fungi attack an apple, they not only take the small 
amount of organic matter necessary for their sustenance, but at the 
same time convert the whole apple into a soft decaying mass. In 
addition to this peculiar nutritive activity, intramolecular respiration 
(p. IMS) is also active in the promotion of fermentation and putrefac- 
tion. A considerable degree of heat is also evolved in the course of 
these processes. The utilisation of this heat in making hot-beds is a 
familiar practice. The heat produced by damp fermenting hay or 
raw cotton may often become so great that spontaneous combustion 
ensues. In germinating Barlcy-«un increase in temperature of from 40 
to 70 or more degrees has lreen observed. The development of so 
much heat in this case is not due solely to the respiration of the barley 
seeds, but according to Cohn, to the decomposing activity of a fungus 
{Aspergillus fumigat tit). The spontaneous combustion of raw cotton is, 
on the other hand, caused by a Microcwcm. Coagulated albumen and 
thick gelatine are re ride ml fluid by many Fungi and Bacteria, while 
the escaping gases (carbonic acid, snlphuretted hydrogen, ammonium 
sulphide, ammonia, etc.) show how deep-seated is the decomposition. 
In the same way Penkillium brevkuuh and other Fungi can liberate 
poisonous arsenical gases when living on a substratum containing 
arsenic ( 43 ). It is by similar processes of decomposition that dead 
organic matter becomes thoroughly disorganised and rendered harm- 
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less. To the tpxic substances produced by Fungi and Bacteria is due 
the severity of man) diseases which they produce in living organisms 
(potato disease, wheat smut, cholera, typhus, diphtheria, anthrax, etc.). 
By the possession or formation of substances, which react as specific 
poisons upon the infecting Bacteria, plants, and particularly animals, 
in turn protect themselves against the attacks of such micro-organisms. 
It is due to a knowledge of this fact that the science of Therapeutics 
has been enabled to cope more and more successfully with infectious 
diseases. 

While hitherto micro-organisms have been regarded as the cause of M infective 
diseases, Bkykkim K has recently discovered a “coutagium fhiidum ” libieh is un- 
organised but capable of increase in tin 1 plasma of the Tobacco plant ( 44 ) ; it gives 
rise to the spot disease on the leaves of this plant. 

Fungi and Bacteria, in addition to the power, dangerous to themselves, of dis- 
organising their own nutrient substratum by fenncntation and putrefaction, also 
possess the capability of making an unsuitable substratum suitable for their sus- 
tenance. By means of inverting ferments they ean convert an unsuitable cane-sugar 
into an available grape-sugar, and by their diastatie ferments they are able to form 
glucose and maltose from starch, and even from cellulose. 

As is evident from their thriving upon such various substrata, 
Fungi have the power of producing from the most different carbon 
compounds (and also from nitrogenous mineral compounds such as 
ammonium tartrate, or even ammonium carbonate) protoplasm, cell 
wall, nuclein, fat, glycogen, etc. 

While many Fungi inflict far greater injury upon their host plants 
by the decomposition they induce than by the withdrawal of the 
nutritive substances, others produce a different effect. The Lust fungi, 
for instance, do comparatively little injury to their host ; while the 
relation between host and Fungus in tin? case of the Lichens has been 
shown to be absolutely beneficial. The Lichens were formerly considered 
to be a third group of the lower Cryptogams and of equal value with 
the Algas and Fungi. It is only in recent years that the dis- 
covery was made by I >K Bary and verified by the investigations 
particularly of Sen \v en i > kn e r and Stahl, that tin* laxly of the Lichens 
is not a single organism, but in reality consists of Alga.* fission- 
Algm), which also exist in a free state, and of Fungi, which for the 
most part belong to the slanmi/ctics. The Fungus hvpha* within the 
Lichen weave themselves around the Alga* : and while the latter 
occupy the upper or outer side of the leaf-like or cylindrical thallus as 
the more favourable position for assimilation, the lupine come into 
the closest contact with them and absorb from them jwirt of their 
assimilated products. The Fungi in return provide the Alga* with 
nutrient water, and enable them to live in situations in which they 
could not otherwise exist. The researches of Aktaris make it probable 
that peptone is also provided by the Fungus. As a result of this close 
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union with the Fungi, the Algse "re in no way exhausted, but become 
more vigorous than in their free condition, and reproduce themselves 
by cell division. As both symbionts, the Algae as well as the Fungi, 
thus derive mutual advantage from their eonsortism, Lichens form one 
of the most typical examples of vegetable symbiosis ( w ). 

The cause of the regular appearance of the rission-Alga* Xostor and Antihaem in 
the roots of the Cycadeae and in the leaves of Jzvlla and other watv* plants is much 
less easy to explain ( 4<i ). 

In connection with these cases of symbiosis between plants, mention may here 
he made of the similar symbiotic relation existing between animals and plants. 
Like the Lichen -fungi, the lower animal/?, according to Huaxut, profit by an 
association with unicellular Alya by appropriating their assimilated products 
without at the same time disturbing the performance of their functions. Fresh 



l v s. .!< ‘icc ffthvht. ), I „*•«!' nix) )Mirt. of stem; S, hollow thorn* in whirl) tin? ants 

liv*» ; K fixulUMxlir* at the ajarr*. «>t* tin* lower jMhhuIrs ; .Y, nectary on the )wtioh\ (HrUuenl.) 
//. Smith* ummiU* \\»tn food-body, F. < Somewhat rin«ttwd.) 


water Polyps (/fydro). Sponges < Hit at a (Strutor, Para meet urn), also 

HHivzoa. Pfaaaria t and A uvulae (A. prate vs) are often characterised by a deep 
green colour, due to numerous Alfjje which they harbour within their bodies, 
and from the products of whose assimilation they also derive nourishment. In the 
ease of the Radiolarias. the so-called “yellow cells,” which have been distinguished 
as yellow unicellular Seaweeds, function in the same way as the green Alga* in the 
other instances. Another remarkable example of symbiosis in which the relation- 
ships* not one merely of simple nutrition, has been developed between certain plants 
anoints. The so-called A nt- plants (Mymiecophytes) offer to certain small extremely 
warlike ants a dwelling in convenient cavities of the stems ( Veer op at ), in hollow 
^thorns {Araeia spadiciyem and spluierwephtila, Fig. 1 S8), in swollen and inflated 
internodes ( Cordia tvxlom), or in the labyrinthine passages of their large stem -tubers 
( Afyrhxccodia ). At the same time the ants are provided with food iu the case of the 
( 'ccropias and Acacias in the form of albuminous fatty bodies (“ foo<l bodies,” Fig. 
188, F ), and by the Acacias also with nectar. The ant* in exchange guard the 
plants most effectively against the inroads of animal foes as well as against other 
leaf-cutting species of ants, which, in the American tropics, kill trees by completely 
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and rapidly divesting them of their entire foliage. These same leaf-cutting ants 
live in symbiosis with ^Fungus ( Mozites gongylophora ). Upon the accumulated 
leaves (“ Fungus-gardens*'), according to Muller, the ants make pure cultures of 
the fungus mycelium, whose peculiar nutritive outgrowths serve them exclusively 
for nourishment. Termites have more recently been discovered to be Fungus culti- 
vators ( 47 ). Other familiar examples of symbiosis are those existing between flowers 
and birds or insects. The flowers in these instances provide the nourishment, 
usually nectar or jiollen, but sometimes also the ovules (Yucca-moth and the gall- 
wasp of the Fig.), while the animals are instrumental in the pollination. Here 
also each symbiont is dependent upon the other. In the case of the unintentional 
dissemination of fruits uud seeds by the agency of animals, the symbiotic relations 
are less close. 


Of all the different processes of supplementary nutrition employed 
by plants, those exhibited by Insectivorous Plants in the capture and 



I8‘i, <ti OmsfVH tofu ntiijolnt. That on the left i* Jo 
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digestion of animals are unquestionably the most curious. Although 
they are green plants and in positions to provide their own organic 
nourishment, they have, in addition, secured for themselves, by peculiar 
contrivances, an extraordinary source of nitrogenous organic matter, by 
means of which they are enabled to sustain a more vigorous growth, 
and especially to support a greater reproductive activity, than would 
otherwise be possible without animal nourishment. 

It is not accidental that the plants which have Weenie carnivorous arc, for the 
most part, either inhabitants of damp places, of water *%■ wain ps, and moist tropical 
woods, or that they are epiphytes. The nitrogenous and phosphoric salts of the 
soil are not obtained hv them in the same quantities as in. the cast* of the more 
vigorously transpiring land plants. This is very evidently the case in the Sundew 
which is loosely attached by a few roots upon a thick spongy carj»et of 
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Bog-moss, and must find in the animal food a valuable addition to its nitrogenous 


nourishment. 

A great variety of contrivances 
for the capture of insects are made 
use of by carnivorous plants. The 
leaves of Drosera are covered with 
stalk - like outgrowths { * ‘ ten - 
taeles ”), the glandular extremities 
of which discharge a viscid acid 
secretion (Figs. 189 and 119). Any 
small insect, or even larger fly or 
moth, which comes in contact with 
any of the tentacles is t aught in 
the sticky secretion, and in its in- 



effectual struggle to free itself it 
only comes in contact with otliei 
glands and is even more securely 
held. Excited l>y the contact 


Fn.. I'.'n. A leui of l>Uuntt0 mMMi/m/e, showing the 
srn-itlu* bristles on its upper surface, vhieh, in the 
parts -ha<lt'.l, is also thickly besot with digestive 
ylnti'K (Aftei I > » km is. e»» larged.) 


stimulus, all the other tentacles curve over and close upon tho captured insect, 
while the leaf-lamina itself becomes concave and sur- 



rounds the small prisoner more closely. Tin* secretion 
is then discharged more abundantly, and contains, 
in addition to an increased quantity of acid, a 
peptonising ferment. The imprisoned insect, becom- 
ing thus completely covered with the secretion, perishes. 
It is then slowly digested, and, together with the 
->ecretion itself, is absorlmd by the cells of the leaf. 

Iti I'iiujtiicnla it i.- the leaf* margins which fold 
over any small insects that may he held by the minute 
epidemic! glands. In species of ('trientario (Fig. 4b), 
growing frequently in stagnant water, small green 
hiadders metamorphosed leaf- tips) arc found on the 
tips of the dissected leaves. In each bladder there 
is a small opening dosed by an elastic valve which 
only opens inwards. Small snails ami crustaceans 
ean readily pa-" through this opening, guided to it 
by special outgrowth*; but their egress is prevented 
■*y the Trap- like ictioti of the valve, so that in one 
bladder as many as ten or twelve crustaceans will often 
Is found imprisoned at the same time. The absorp- 
tion of the disorganised animal remains seems to be 
jKjrlornied by forked hairs which spring from the walls 
of tin Madder. 

.More remarkable still, and even better adapted for 
its purpose, is the mechanism exhibited by some 
exotic insectivorous plants. In the case of Venus 
Fly-tiap (Itiunaea), growing in the peat bogs of 
North Carolina, the capture of insects is effected 
by the sudden closing together of the two halves of 
tho leaves < Fig. 190). This action is esjieuially due 


to the irritability of three bristles on the upper side of each half- leaf (the 
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leaf surfaces thejnselves . a»e much less sensitive). Upon the death of the 
insect caught by th< ’ -af, a copious excretion of digestive sap takes place from 
glandular hairs on the leaf surface, followed by the absorption of the pro- 
ducts of the digestive solution. In the case of other well-known insectivorous 
plants (Nepenthes, O'phalotus , Sarrncenin . Darlmglonia ), the traps for the capture 
of animal food are formed by the leave* which grow in the shape of pitchers (Figs. 
45, 191). These trap-like receptacles are partially filled with a watery fluid excreted 
from glands on their inner surfaces. Enticed by secretions of honey to the rim of 
the pitcher (in the case of Nepenthes), and then slipping on the extraordinarily 
smooth surface below the margin, or guided by the down ward -directed hairs, insects 
and other small amiiipfo finally fall into the fluid and are there digested by the 
action of ferments and acids. In Sarmemia and t'ephalotux , (Iokhel was unable 
to discover any digestive ferments ; but in Cephnlnt ns, however, it was possible to 
determine that the secretions have uniweptie properties. The lid-like appendage 
at the owning of the pitcher of Nepenthe*, Sa react jtia, and Ccphnlot us does not 
shut; its function seems to he im*i»*ly to prevent foreign substances from falling 
into the pitcher, and particularly to keep out tin* rain. The entrance to the tubular 
leaves of Darlington i<t is under t he helmrt-likc extremity, and therefore a lid is 
unnecessary. 


III. Respiration 

It is a matter of common knowledge that animals are unable to 
exist without breathing. In the higher animals the process of respira- 
tion is so evident as not easily to escape notice, but the fact that 
plants breathe is not at once so apparent, dust as the method of the 
nutrition of green plants was only discovered by experiment, so it 
also required carefully conducted experimental investigation to demon- 
strate that PLANTS also MUST lilt K ATI IK IN < RIDER To LIVE; that, like 
animals, they take up oxygen and give off carbonic acid. Although 
the question had already been thoroughly investigated by Sauksure 
in 1822, and by HlTliociiET in 18.‘H, and its essential features 
correctly interpreted, Liebig pronounced the belief in the respiration 
of plants to be opposed to all facts, on the ground that it was 
positively proved that plants on the contrary decomposed carbonic 
acid and gave off the oxygen. He asserted that it was an absurdity 
to suppose that both processes were carried on at the same time ; and 
yet that is what occurs. 

Assimilation and respiration are two distinct vital pro- 
cesses CARRIED ON INDEPENDENTLY BY PLANTS. WHILE IN THE 
process of assimilation green plants alone, and only in the 
LIUHT, DECOMPOSE CAKIloNIC ACID AND HIVE OFF oXYOEN, all PLANT 
OltUANS WITHOUT EXCEPTION ROTH BY DAY AND BY NIGHT TAKE UP 
OX YUEN AND give off CARBONIC ACID. Organic substance, obtained 
by assimilation, is in turn lost by respiration. A seedling grown in 
the dark so that assimilation is impossible, loses by respiration a con- 
siderable part of its organic substance, and its dry weight is consider- 
ably diminished. It has been found that during the germination of 
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a grain of Indian Corn, a full h,°lf of the organic reserve material is 
consumed in three weeks. That green plants growing in the light 
accumulate a considerable surplus of organic substance, is due to the 
fact that the daily production of material by the assimilatory activity 
of the green portions is greater than the constant loss which is caused 
by the respiration of all the organs. Thus, according to Boussin- 
ti ault’s estimates, in the course of one hour’s assimilation a plant 
of Sweet Bay will produce material sufficient to cover thirty hours’ 
respiration. Plants produce in twenty -four hours about five to ten 
times their own volume of carbonic acid. In shade-plants, according 
to Griffon ( 48 ), this is usually reduced to twice the plant's volume, 
while the commonly cultivated J.yidisfra produces only one-half 
its own volume, and can therefore succeed even under conditions 
which are unfavourable to assimilation. 

A means of judging of the importance of respiration is afforded by 
the behaviour of the plants themselves when deprived of oxygen. By 
placing them, for example, under a jar containing either pure nitrogen 
or hydrogen, or in one from which the air has been exhausted, it will 
then be found that all vital activity soon comes to a stand-still ; 
plants, previously growing vigorously, cease their growth ; the stream- 
ing motion of tin* protoplasm in the cells is suspended, as well as all 
external movement of the organs. If oxygen he admitted, after not 
too long an interval, the interrupted performance of the vital functions 
is again renewed. A lunger detention in an atmosphere devoid of 
oxygen will, however, irrevocably destroy all traces of vitality ; as in 
every condition of rigor internal chemical changes take place, which, 
by a prolonged exclusion of oxygen, lead to the destruction and dis- 
organisation of tin* living substance. Thk rrksknck of oxyukn is 
XKCKSSARY TO THK ( IIKMK AI J*R»m ’KSSES TAKING PLAOK WITHIN THK 
( KM, IN oRDKR To MAINTAIN THK LIVING SI RSTANCK IN A CONDITION 
OF NORM \I, ACTIVITY. 

The absorption of oxygen and the evolution of carbonic acid by Irving plants 
<*an be demonstrat' d both qualitatively and quantitatively by simple experiments. 
From what has already been said of the contradictory nature of assimilation and 
respiration, it will he at once apparent that these experiments must he conducted 
either in the darn or on portions of plants devoid of chlorophyll. The more 
abundant the protoplasm and the more energetic its vital activity, so much the 
more vigorous is the respiration. The best results are obtained, therefore, from 
young portions of plants in an active state of growth. It should also be mentioned 
that in the following experiments only the carbonic acid and not the whole of 
the products of the respiratory activity are determined. From theoretical con- 
siderations, and also from exact chemical analysis, it has been definitely established 
that, IN ADDITION TO (A II HON O' ACID, XVATF.Il IS FORMED FROM THE OIMJANIC 
MATTER BY RESPIRATION. 

The absorption of oxygen and the formation of carbonic acid may be clearly 
shown by the following experiment ''Fig. 192). A flask (//) filled with young 
mushrooms or Com]>osite flowers is inverted with its mouth in an open vessel of 
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mercury ($), upd a few centimetres of caustic potash solution introduced within its 
nedk. In the same degnise the carbonic acid produced by respiration is absorbed 
by the caustic jiotash, the volume of air in the tlask will be reduced and the mercury 
will rise in the neck. After a time, the ascent of the mercury ceases and it remains 
stationary. If the quantity of air remaining in the flask be estimated, it will be 
found that it lias lost a fifth of its original volume : this means, however, that the 
whole of the oxygen (which makes up one-fifth of the atmospheric air) has been 
absorbed. If caustic potash is not used in this experiment to absorb the exhaled 
carbonic acid, the mercury remains at its natural level, or, in other words, the 
volume of air iu the flask remains unchanged. From this experiment it is apparent 
that tin volume of oxygen absorbed is equal to the volume of carbonic acid evolved, 

as expressed by the formula 1 Ibis equivalence of volume between the 

oxygon absorbed and the carbonic acid exhaled exists only in cases where the 
oxygen is used exclusively for respiration, ami not where it is consumed in trans- 
forming the contents of the cells, as is observed in the germination of seeds rich 
in fat, and in the interchange of gases in the ease of the succulents. In the 
germination of seeds rich in fat, the fat is converted into carbohydrates richer in 
oxygon. The oxygen consumed remains combined in the plant. On the other 
hand, in the case of the succulents, their peculiar power of effecting oxidation 
during the night and subsequent, deoxidation in the light, modifies the gaseous 
interchange of respiration. The respiratory coefficient may vary within certain 
limits, according to the state of nutrition of the plant and the conditions to which 
it is exposed. 

The absorption of oxygen iu the respiration of plants can also lie shown by the 
fact that a flame, held in a receptade in which plants have been kept for a 
time, is extinguished. If a lighted taper he thrust into a glass cylinder which 
has been partially tilled with flowers or mushrooms, and then tightly covered 
and allowed to irnutiii for a day, it will he extinguished, as the oxygen of the 
air in the cylinder will all have been absorbed. The eaihonie acid exhaled 
in respiration can he quantitatively determined fiom the increase in the weight 
of the caustic potash by which it has been absorbed, or by conducting the 
respired carbonic acid gas through baryta water and estimating the precipitate 1 of 
barium carbonate. 


Intramolecular Respiration ( 4l ').— -In tin* middle of the seventies 
IVmt.ki: made the surprising discovery that frogs arc not only able 
to live for some time in an atmosphere devoid of oxygen, but even 
continue to exhale carbonic acid. From similar investigations it was 
found that plants also, when deprived of oxygen, do not die at once, 
but can prolong their life for a time and evolve carbonic acid. Under 
these circumstances it is apparent that both elements, the carbon as 
well as the oxygon, must be derived from the organic substance of the 
plants themselves : the oxygen can only be obtained through some 
unusual process of decomposition carried on within the plant. This 
form of respiration has consequently been described as intramolecular. 

The amount of carbonic acid produced in a given time by intramolecular 
respiration is usually less than that given off in the same time during normal 
respiration. There are plants, however (for instance, Vidn Faint), whose seedlings, 
in au atmosphere of pure hydrogen, will exhale for hours as much carbonic acid as 
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in tiie ordinary air. During intramolecular respiration in aerobiontH all growth 
ceases and abnormal processes of decomposition take place, whereby alcohol and 
other products are formed. 

Intramolecular respiration commences es soon as the access of free oxygen to 
the protoplasm is prevented, and continues until the latter is killed by the accumula- 
tion of injurious products of decomposition. The sufficiently early readmittanoe of 
oxygen may, however, permit the cell g 

to resume its normal condition by I 

re-establishing ordinary respiration ■ 

ami removing the accumulated de- I 

composition products. I 

Some plants endure the absence — 77 -^ 

of free oxygen badly and only for a / -I'. 

short time, others better and for a / t At f ml 

longer period. Certain of the lower 
plants ( Harter ia , Fungi, Churacruc) 

can exist for considerable time 

without free oxygen, or are eve : able 

under favourable conditions to find jfor 

a complete substitute for the oidinary wtiHT 

oxygen -respiration in iutramoleeulai OB? 

respiration. This m (lability is so 1 9 fca 

extreme in some j!tfr/rrio that no OR 

trace of free oxygen is liu-^sir) for ||| 

their existence, while some cannot WILx 

live in the presence of oxygen. To H 

di-tingui^h such specially adapted 9B 

orgs nistns from those whieh depend 0 

for their normal respiration on free |^K 

oxvgert (acM’ohiont > or aerobes. they 
are termed anaerohionts or anaerobe*. 

Tlie grades of imiepeiidenre of free 

anaerobiosis and permanent or obli- iftf ^ 
gate aiiaerohiosi-* respectively. 

Respiration as a Source of Energy. , KxfM-iiment in iv«i>iraM<»u. The inverted 

ni? 7 v* * v. , f % (/*’) is partially filled will* ttoweis, which 

-Igat the metabolic change ...nsti- !m . itl ,, „„, K „ r , oU ,;„ ( , n 

tilting respiration is a necessary eon- Through the absorption of the carbonic acid «x> 
comitant of life may be inferred from haled in respiration. by the solution of caustic 
the cessation of vital manifestations <*>. »b- meicury (V) rises in the neck of 

when respiration is interfered with, ** M ,,ltsk * 

and the association of more active life with increased demands on tin* respiratory 
process. 

In respiration chemical changes occur leading to the setting free of energy. It 
is hardly too much to say that it is the energy obtained by respiration which serves 
to carry on and maintain the vital manifestations. Thus a specific vital energy is 
obtained by means of respiration., w hich might be termed vital force were this term 
not used in another sense ; such a supply of energy is not provided by other sources 
of force in the plant (force of pressure in lurgescence. vibrations of light and heat 
rays, etc.). 
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The majority of plant? sacrifice in physiological combustion a portion of their 
organic substance (especially carbohydrates) in order to obtain this driving power. 
The combustion is as a rule so complete that C0 2 and H 2 0 are the resulting products ; 
this not only obtains the maximum of energy but obviates the accumulation of 
injurious products of respiration. In other cases, however, considerable amounts of 
organic acids are formed, together with the C0. 2 and IL>0. The latter modification, 
which is found in succulents living under unfavourable conditions for assimilation, 
avoids the loss of carbon attendant on the liberation of C0 2 into the air. 

The energy liberated by the respiratory combustion of carbon -compounds is 
traceable back to that stored in the form of potential energy of chemical combination 
in carbohydrates, which were formed by the help of the sun’s rays in assimilation 
(of. p. lUfl). Energy is not only liberated in the more or less complete combustion 
of carbon-compounds but may be obtained in other chemical processes. Thus 
sulphur-bacteria oxidise sulphuretted hydrogen to sulphur, and this in turn to 
sulphuric acid. The nitrite-bacteria iorm nitrous acid from ammonia and amides, 
while nitrate-bacteria convert the nitrous into nitric acid. The energy obtained in 
such processes may serve to replace the driving power of respiration, or, as has been 
shown for the nitro- bacteria fp. 1!>7 i. may efflvt the synthesis of organic carbon - 
compounds. The working power is thus devoted to one or other process of the life 
ot the plunt, just as in a manufactory electrical energy may serve to drive machines, 
afford a source of light, or effect chemical changes p' . 

'Fermentation and Respiration. — In the section on special modes 
of nutrition it was stated that when this is effected at the expense of 
organic food material, fermentation is frequently set up in the sub- 
stratum. Since fermentation is .1 process of decomposition associated 
with a liberation of energy stored in organic compounds, it may be 
serviceable in the same way as respiration. Its amount may also be 
more or less influenced by the respiratory needs of the organism. 

Thus, when the yeast plant is living as an anaerobe, the greater part of the 
organic substvatum (about VS*1W per cent) is fermented. When growing as an 
aerobe, with a full supply of oxygen, a larger amount of the substratum is available 
for use in the processes of growth and multiplication. 

Since, even in the latter case, a large part of the grape-sugar (according to 
Bivhskk and Rati* about S5 per cent) i.s fermented, it may he concluded that the 
process of fermentation, though under certain circumstances a source of energy to 
the plaut, is to some extent independent of the respiratory needs of the latter. 
Oxygen -respiration is also to a certain extent independent of the other vital 
manifestations. It is most active at a temperature a little below that which 
causes the death of the organism, when all other activities arc being arrested by the 
heat. The vital processes of the cells, while dependent on the metabolic changes 
in which energy is set free, resemble the action of a steam engine which may cease 
even though t ho furnace is in full blaze. The vital manifestations in the same way 
need not under all circumstances keep pace with the variations in intensity of the 
processes which supply the necessary energy. 

J Heat produced by Respiration. — Inspiration is, chemically and 
physically considered, a process of oxidation or combustion, and, like 
them, is accompanied by an evolution of beat. That this evolution 
of heat by plants is iiftt perceptible is due to the fact that consider- 
able quantities of beat are rendered latent by transpiration, so that 
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transpiring plants are usually cooler than their environment ; and also 
to the fact that plants possess very large radiating surfaces in propor- 
tion to their mass. The spontaneous evolution of heat is easily shown 
experimentally, if transpiration and the los» of heat by radiation are 
prevented and vigorously respiring plants are selected. Germinating 
seeds (Peas), if examined in large cjuantities, show under proper 
conditions a rise in temperature of 2^ C. The greatest spontaneous 
evolution of heat manifested by plants has been obseived in the 
inflorescence of the Aratrae, in which the temperature was increased by 
energetic respiration 10, 15, and even 20 C. Also in the large 
flower of the Fictorw regia temperature variations of 3 5 C. have been 
shown to be due to respiration. One gramme of the spadix substance 
of an Amid exhales, in one hour, up to 30 cubic centimetres CO a : 
and half of the dry substance (the k* served sugar and starch) limy be 
consumed in a few hours as the result of such vigorous respirations. 
In the process of wound -healing in plants a noticeable rise in 
temperature also occurs. 

That other processes, in alditiou t<. ropiration, co-operate in the production 
of heat is apparent from the fact that the amount of heat evolved does not vary 
proportionally to the carbonic acid exhaled. 


The Movement of Gases in Respiration 

In plants of simple construction the cells which are in direct 
contact with the air or water can absorb the requisite oxygen 
directly ; while cells in the midst <>f tissues are dependent upon the 
oxygen which can diffuse through the surrounding cells. Such a 
diffusion b <»m cell to cell would not, however, be adequate, in the case 
of the vast cellular bodies of the higher plants, to provide the living 
cells of the interior with a sufficient supply of oxygen. This is 
accomplished by means of the air-spaces, which, as INTKWKLI.UJ.AK 
I'ASsaoks, penetrate the tissues in all directions and so bring to the 
protoplasm of the inner cells the air entering through the stomata 
and LKNiicKLS (p. Ml). The path of the respiratory gases is thus 
the same as that followed by the gases in transpiration and assimilation 
(pp. 188, 200). It is, however, only the more superficial tissues which 
are concerned in these latter processes. 

The movement of the gases within the intercellular spaces is due 
partly to the diffusion, induced by the constant interchange of gases 
caused by respiration, assimilation, and transpiration, and partly to 
their own instability, arising chiefly from modifications of the tempera- 
ture, pressure and moisture of the surrounding atmosphere, but which 
is also increased by the movement of the plants themselves, through 
the action of the wind. 

That the intercellular spaces \vcre in direct cominu Nation with each other and 
also with the outer atmosphere was rendered highly probable from anatomical 



222 


BOTANY 


PAliT I 


investigation, and has been positively demonstrated by physiological experiment. 
It is, in fact, possible to show that air forced by moderate pressure into the inter- 
cellular passage *• -takes its escape through the stomata and lenticels ; and conversely, 
air which could entcronly through the stomata and lenticels can he drawn out of 
the intercellular passages. The method of conducting this experiment can be seen 
from the adjoining figure (Fig. 193'. 

Intercellular air-spaces are extensively developed in water and marsh plants, and 
occupy the greater part of the plant body. The submerged portions of water plants 



Km. lull. -Kxperinicnt to show tin* diicct communication ,»t the external atmo.-splmre with the 
internal ti which of plants. The y:laHs tube It, anil the leaf /*, arc fitted air-tight- in the bottle O’ ; 
upon withdrawal of the air in the lioltle by Miction on tin* tuU* It, the external air penetrates 
ttu* intercellular h paces of the leaf, tluouuh the stomata, and escapes in the form of small 
nir-hubhie* from the cut surface of the leaf-i*etiole. (Kiom I»fi mkk‘s I'nut.) 

unprovided with stomata thus secure a special ivit.uxai. aimokpiikuk of their own, 
with which their cells maintain an active exchange of gases. This internal atmosphere 
is in turn replenished by the diffusion taking place with the surrounding atmosphere. 
In marsh plants, which stand partly in the air, the large intercellular spaces form 
connecting canals through whirh the atmospheric oxvgen, without being completely 
exhausted, can reach the organs growing deep in the swampy soil, surrounded by 
marsh-gas anti otherwise cut off from any communication with the atmosphere. (On 
respiratory roots of. p. 16 ). 

Phosphorescence. — The same conditions which accompany respira- 
tion also give rise to the production of light or phosphorescence in a 
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limited number of plants, particularly in Fungi and Bacteria. This 
phosphorescence at once disappears in an atmosphere devoid of oxygen, 
only to reappear on the admission of free oxygen. All the circum- 
stances which facilitate respiration intensify phosphorescence ; the 
converse of this is also true. According to the results of investigations 
concerning the phosphorescence of animals, from which that of plants 
does not probably ditfer in principle, the phosphorescence is not 
directly dependent upon the respiratory processes. 

The best -known phosphorescent plants are certain lorms of Bacteria which 
develop on the surface of fish and meat, and the mycelium, formerly describod as 
*• Rhizomorpha,” of the Fungus A git thnx tnellens. As furthti examples of spon- 
taneously luminous Fungi may be cited Ayaritua oJmriu s, found growing at the foot 
of olive trees in South Kmope, and other less familiar Agarics ( . t/j. i</neu&, noctilucous 
Otirdnrri, etc.). The phosphorescence of decaying wood is also, without doubt, due 
to the growth of Fungi or Bacteria. Of plants taking part in die phosphorescence 
seen in water, the most important are the Alga, J't/rwi/x 1 's* msUtlucu, certain Peri- 
ffi/irat », and some luminous Bad trio Their phosphorescence, according to 
■observations on Cnvtinm trijK/s made hv Rkiskk, is brought about by mechanical as 
well as by thermic and chemical stimuli , M ). 

The so-called phosphorescence of the Moss, Schi inxtcya, and of some Sel agin el las 
and Kerns, lias nothing in common with actual phosphorescence, hut is produced 
solely by the reflection of the dn\ light from pet uliarly formed cells (Fig. Wll '. The 
phosphorescence observed in sonic sea- weed* results, on tin* other hand, from the 
fluorescence and opalescence of cuLtiu of their albuminous substances, or from the 
iridescence of their eutieular layers. 


IV. Growth 

The size which plants may attain varies enormously. A Mushroom 
seems immeasurably large in contrast with a Micrococcus, but inexpres- 
sibly small if compared with a lofty Californian Srt/uoia. A Bacillus of 
the size of a Mushroom, or a Mould Fungus of the height of a «SVytw»7t, 
are, with their given organisation, physiologically as inconceivable as 
a Mushroom with the minuteness of ;i Micrococcus. The size of an 
organism accordingly is an expression of its distinct individuality, and 
stands in the closest relation to structure and conditions of life, and in 
each individual varies within certain narrow limits. 

However large a plant may be, and however numerous its 
cells, it nevertheless began its existence as a single cell, microscopic- 
ally small and of the simplest structure. To attain its final 
size and perfect development it must grow, that is, it must enlarge 
its body # and undergo differentiation. Even for the minute uni- 
cellular bacteria growth is essential, as they multiply chiefly by cell 
division. Each daughter cell must grow and attain the dimensions 
of the parent cell, or in a few years the capacity for existence itself 
will be lost through their continually decreasing size. It is in fact 
impossible to conceive of a plant where perfect development is not the 
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result of growth. If a growing Oak or Cedar be compared with the 
single spherical egg- cell from which it has arisen, it is at once clear 
that by the teim growth we mean not only an increase in volume, but 
include also a long series of various developmental stages, and external 
and internal modifications. A mere increase in volume does not 
necessarily imply growth, for no one would say that a dried and 
shrivelled turnip grows when it swells in water. On the contrary, 
active growth may be accompanied by a considerable loss of substance, 
as is shown by the sprouting of potatoes kept in a dark cellar. Water 
is lost, through transpiration as well as organic substance through 
rewira^lfDn, and yet the new shoots show true growth. 

• lower organisms growth is exhibited in its most simple 

form. In an Amoeba or a Plasmodium growth is simply an increase 
in their substance ; in a unicellular Alga or in a Fungus it means, in 
addition to this, an enlargement of their cell walls. In the higher 
plants the processes of growth are far more complicated and various, so 
that, according to Sachs, three chief phases of growth can be distin- 
guished, which, however, are not sharply separated, but merge imper- 
ceptibly one into the other : — 

1. The embryonic phase in which the rudiments of new organs are 
formed. 

2. The phase of elongation of the already formed embryonal 
organs. 

II. The phase of internal development, and completion of the 
tissues. 


The Embryonal Development of the Organs 

Plants, in contrast to the higher animals, continually develop new 
organs. These arise either from tissues retained in their embryonic 
condition, as at the growing point, or they have their origin in regions 
which have already more or less completely attained their definite 
form. The leaves and shoots spring directly from the tissues of the 
growing point ; the first lateral roots, however, make their appearance 
at some distance from the growing point, where a perceptible differen- 
tiation of the tissues has already taken place. 

Leafy shoots may also take their origin from old and fully-developed 
tissues, which again assume an embryonic character, accompanied by 
an accumulation of protoplasm and renewed activity in cell division. 
But as this only occurs in exceptional cases, shoots which thus arise 
out of their regular order are termed AM KNTiTinrs. 

The manner of the Formation of New Organs at the Growing 
Point has already been described in the morphological portion of this 
book. It is only necessary here to again call attention to the fact that 
the young organs, with few exceptions, develop in acropetal succession, 
so that the youngest is always nearest the apex. 
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The point from which new organs arise, and the number which 
develop, are chiefly dependent upon inherited internal disposition. 
External factors can, however, exert an effect in particular cases. 
The influence of such factors as light, gravity, chemical and 
mechanical stimuli, which at certain times in the later life of the 
tissues is of extreme importance, has usually but little effect on the 
embryonal development. Yet, on the other hand, the position of the 
first division wall of the germinating spore of Marsilnt k determined 
by the action of gravity, and the direction of the first wall (as well as 
of the preceding nuclear division) in the spore of Equisctum and the 
ova of < 'i/fifoseira Imrbata, Pel ret fa , end Asropht/ilttm among the Fucaceae 
is determined by its relative position to the light (* VJ ). 

In Adventitious Formations, on the contrary, the influence of 
external forces is often very evident, as, for example, in the formation 
of climbing-roots, which in the Ivy and other root-climbefs are de- 
veloped only on the shaded sub* of the stem, in the Alga Canlnpa 
the new leaf-like organs arise only on the 1 illuminated side of the parent 
organ. It is, on the other hand, the force of gravity which excites 
the formation of roots on the under side of underground rhizomes. It 
is also due to gravity that the growing points of shoots are formed only 
from the upper side of the tubers of Th fat final ha if abut , or that new 
twigs develop, for the most part, from the upper side of the obliquely 
growing branches of trees. C ontact stimuli, on the other hand, 
determine the primary inception, and point of development of the 
liaustoriu of ( f a<rata (p. 207). The sexual organs of Fern prothallia 
are always developed on the sid»* away from the light; that is, in 
normal conditions on the under side, but in case of artificial illumina- 
tion on tlm upper side. 

As a result ot one sided illumination and the stimulus of gravity, 
together with the favouring influence of moisture, the rhizoids spring 
only from the under side of the genuine of Marrhanfia ,, so that 
eventually the two originally similar sides assume an altogether 
different anatomical structure. 

Many adventitious loniiateuis are*tln* nsnlt of definite external finises; as, for 
rvampl**, the gull" induced hy the sting*- of insects and the deposits of animal 
egg-, and larvie :of. p. lfrp. 

The development of adventitious formations is especially induced by 
mutilation of plants. New FORMATIONS are in this manner produced 
at points from which they would never have arisen on the uninjured 
plants. In the case of Pelargoniums, Oleanders, Willows, and many 
other plants, it is possible to induce the formation of roots wherever 
the shoots are cut. In other plants, however, there seem to be certain 
preferred places, such as the older nodes, from which, under the same 
circumstances, roots develop. In like manner new shoots will appear 
in the place of others that have been removed. In THE development 

Q 
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OF NEW FORMATIONS ON A MUTILATED PLANT THOSE VERY ORGANS 
ARISE, OK TRWERABLY ARISE, OF WHICH THE PLANT HAS BEEN 
DEPRIVED. lwOQfcless shoots develop first of all new roots. Koots and 
root-stocks deprived of their shoots form first new shoots. In these 
processes there is manifested an internal reciprocity in the formative 
growth of organs, which has been termed the correlation of growth. 

Correlation of growth is often, also, very apparent in the normal development 
of the organs of uninjured plants. It is due to this that scales of huds are developed 
in their special form rather than as foliage leaves. For, as Gokrel showed, it is 
possible by artificial means, as, for example, by the timely removal of the leaves of 
the parent shoot of Arsenins, Acer, Syringa , Qmrcus, or, in the ease of Pr units 
Pttdus , by cutting off the upper extremity of the shoots, to induce the formation of 
normal foliage leaves in the place of the scales. The vigorous growth which 
ensues in the fruit and in the fruit-coverings after fertilisation and devehvpment 
of the embryo in the ovule, affords another example, of correlation ; for, in 
case no fertilisation of the egg-cell occurs, all tlio.sc changes which produce a ripe 
fruit from the flower do not take place ; and. instead, another correlative process 
is manifested by which the now useless organs are discarded. Certain plants, 
especially those modified by cultivation, form an exception to this : in many varieties 
ofhanami, in the seedless mandarin, and in the variety of raisins known as sultana, 
etc., although no seeds capable of germination are produced, the formation of a 
so-called fruit is nevertheless continued. Even in these instances it is essential 
for the formation of fruit that there shall have occurred a previous pollination of the 
stigma, or the fertilisation of tho ovules, which, however, do not. mature. According 
to Muller Thuiwau ( m ) the formation of seeds in grapes exerts an influence on the 
form, quantity, and quality of the succulent portion of the berry. In some few 
exceptional cases, however, as in the Fig, even this impetus to fruit formation is not 
necessary ( 54 ). The manner of tho formation of conducting tissues in plants, and 
also their anatomical development, are regulated by correlation. From these few 
instances it may he seen how tin* principle of correlation affects the most various 
of tho vital processes, even under normal conditions, and how the harmonious 
development and function of the single members of tin* plant body are controlled 
by it. 

The polarity manifested by plants should also be considered as a special example 
of the correlation existing between the different parts of the plant body. This 
[Hilarity is particularly apparent in stems and roots, and finds its expression in the 
tendency of every small piece of a stem to develop new shoots from that end which 
was nearer the stem apex, while the roots take their rise from the other end. 
Pieces of roots in like manner send out roots from the end originally nearer their 
apex, and shoots from the end towards the stein. 

In accordance with this principle, detached pieces of stems produce new shoots 
from their “shoot-pole/’ and injured roots new roots from their “ root-pole.” This 
polarity, particularly investigated l»y Vochtiko and Sac hs, supplemented accord- 
ing to Gokiikl by the nutritive current setting towards the wounded surface, makes 
itself apparent in even the smallest pieces of steins or roots, and may, in this 
respect, be compared to the magnetic polarity exhibited by every small piece of a 
magnet. Unlike poles of a plant may readily In* induced to grow together, while 
like [Miles may only he brought to do so with difficulty, and then do not develop 
vigorously. As a result of such experiments, a radial [Hilarity has also been 
recognised by Yochtino in stem and root tissue: thus, for instance, pieces of 
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a stem or root, inserted in a lateral illusion of a similar organ, become united 
with it, if they are so placed that the side originally outermost occupies the 
same relative position in the new organ, but if this }>osition is altered no such 
union takes place. Leaves take, in respect to polarity, a special position, for they 
are not organically included within new f filiations derived from them. Thus, 
from the basal end of a leaf, an entire plant, with roots, stem, and leaves, may 
arise, while the regenerative leaf Itself gradually dies. It is of esj>ecial interest to 
observe the r fleet of external influences upon the position of new formations, when 
they come into opposition to the internal disposition of the plants themselves. In 
this res pect, the behaviour of different species varies greatly. In otic, the internal 
factors predominate, that is, the new formations appear quite independently of 
external conditions ; in another, the external influences of the moment prevail ; 
but the internal disjiosition of the plant, when thus constrained for the time being, 
ultimately makes itself apparent and the new formations never develop vigoiously. 
A willow twig, planted in a reversed position, with the shoot-pole in the ground, 
will produce roots, and from the root -pole may even produce shoots. The ?, how- 
ever, usually soon die and their place is supplied by other stronger shoots arising 
from the shoot axis just above, the roots. It is onl} 7 by the most careful suppression 
M any such developments that the shoots from the root poles may lx; kept alive. 
In so-called “wiping*’ trees, the formation of side branches from the upper side 
of the hanging branches is favoured by external conditions, but the internal 
polarity prevents their vigorous development, ami those formed soon die. In the 
cultivation of grapes and fruit trees this peculiarity is utilised to produce short- 
lived, fruit -producing shoots l»v bending over the vines or training the branches of 
tin* trees in the cultivation of wall India. On the other hand, in some cases the 
internal polarity is easily overcome by external influences. It is sometimes sufli- 
cient merely to reverse the erect thallus of Jirpopsis, one of the Siphon cur, to con- 
vert the former apical port ion into a root-like tube which penetrates the substratum 
and fastens itself to the grains of sand. If has also been positively determined, 
although otherwise such cases are unknown among the higher plants, that the 
growing points of tie roots of AWte' and of certain Ferns (Plat peer i inn, Anplenium 
csculcntuna may l»e. converted through some inherent tendency into the vegetative 
cone of a stern ( w, h 

The correlation phenomena manilested in the formation of new organs have the 
greatest practical impot tanw , for the propagation of plants by cuttings or grafting 
is based upon them. 

In aitiheial ^production detached piece* of plants arc made use of for the 
purpose of producing a fresh complete plant. In many cases this is easily done, 
but iu others it is mon* difficult or even impossible. Tho favourite and easiest 
method is by means of cuttings, that is, the planting of cut branches in water, sand, 
or earth, in which they take root i.lVhirgonia, Tradescantias, Fuchsias, Willows, etc.). 
Many plants rnay Ikj propagated from even a single leaf or portion of a leaf, as, for 
instance, is usually the case with Begonias. The young plants spring from the end 
of the leaf-stalk, or from its point of union with the leaf-blade, or from the riba, 
particularly when they are artificially broken or incised. In other cases the leaves, 
while still on the parent plant, have the power to produce, adventitious buds, 
and, in this way, give rise to new plants (see Vegetative Reproduction). Kven 
from roots or pieces of roots it is also possible to propagate some few plants. An 
example of this is afforded by 1/tecacuanha , whose roots are cut in pieces and then 
sown like seeds. The Dandelion possesses the same capability of developing from 
small jwrtions of the root, and to this j^culiarity is due the difficulty with which 
it is destroyed. 
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In grafting or budding, cuttings from one plant are inserted in another, so that 
they grow together IpJbrm physiologically one plant. The union is accomplished 
by means of a callus (p. 142), formed by both the scion and the adopted stock. 
Vessels and sieve-tubes afterwards develop in the callus, and so join together the 
similarly functioning elements of both parts. Such an organic union is only 
possible between very nearly related plants, thus, for example, of the Amygdalaceac , 
the Plum, Peach, Almond, Apricot, may readily be grafted one upon the other, or 
of the Pomaceae , the Apple with the Quince ; but not the Apple with the Plum. 

In spite of the apparent physiological union between the old stock and the 
newly-formed growth, from a morphological standpoint they lead an altogether 






Km. 104.- lUfl'erent hmhIcsoI grullim: ; /. Crown gi lifting : //, splio** grafting ; 
III . tmi| grafting ; II', stork ; / . t.o.i. 


hc partite and distinct existence. In its structural rharicter, forms of tissues, 
mode of secondary growth, formation of bark, etc., each maintains it own individu- 
ality. In sjieoial cases it lias been affirmed that they do mutually exert, morpho- 
logically, a modifying effect ii]h>ii each other raft- hybrids i. Imt this is doubtful. 
Iu practice several different methods of inserting cuttings are in use. hut only the 
more important can be mentioned here. 

Oravtivo is the union of a shoot with a young and approximately equally- 
dovclopcd wild stock. Both are cut obliquely with a clean surface, placed 
together, and the junction protected from the entrance of water and fungi by 
means of grafting wax. 

C'LKKr or tonouk ouaktixo is the insertion of weaker shoots in a stronger 
stock. Several shoots are usually placet! in the cut stem of the stock, care being 
taken that the enmbial region of the different portions are in coutaet, that the 
cortex of the shoots is in contact with that of the stock. In other methods of 



SECT. II 


PHYSIOLOGY 


m 

grafting the cut end of the shoot is split longitudinally and the cut shoot inser 
ih the periphery, or a graft may be inserted in the cortex or in the side of the 
stock. In grafting in the cortex the flatly-cut shoot is inserted in the sixmo cut 
between the hark and the splint wood /Fig. 114, /). In lateral grafting, the shoot, 
after being cut down, is wedged into a lateral incision in the stock. 

A special kind of grafting is known as nuimiNO (Fig. KM, Jfl). In this 
process a bud (“eye”) and not twig is inserted under the bark of the stock. 
The “eye” is left attached to a shield -shaped piece of hark, which is easily 
separated from the wood when the plants contain sap. The lmvk of the stock is 
opened by a T -shaped cut, the “eye” inserted, and the whole tightly covered. 
Occasionally some of the wood may be detached with the shield shaped piece of 
hark (budding with a woody shield . In the case of sprouting buds, the budding 
is made in spring ; in dormant buds, which will sprout next year, in summer. 


The Phase of Elongation 

For the performance if thei: proper functions, the embryonic 
rudiments of the organs must complete their external development. 
They must unfold anti enlarge. This subsequent enlargement of the 
embryonic organs of plants is accomplished in a peculiar and 
economical manner. While the organs of animals increase in size 
only by a corresponding increase of organic constructive material and 
by tin* formation of new cells rich in protoplasm, and thus require, for 
their growth large supplies* of food substance, plants attain the chief 
part of their enlargement by the absorption of water — that is, by the 
incorporation of an inorganic substance which is most abundantly 
supplied to them from without, and to obtain which no internal 
nutritive processes are first necessary. 

The great advantage resulting from this easy method of enlarge- 
ment is apparent from a consideration of the importance of a large 
external surface for the nutrition of a plant. Assimilation is just so 
much the more productive, the larger the exposure of green surface, 
and the more accessible it is to the surrounding carbonic acid. In 
like manner, the superficial enlargement is exceedingly advantageous 
as regards the absorption of nourishment from the soil. 

The absorption of water by living cells docs not take plan; with the same 
rapidity and without interruption a* in the ease of porous bodies. Before the cells 
can take up additional water they must enlarge by actual processes of growth. 
The water, penetrating the young cells by imbibition or by the force of osmotic 
pressure, is uniformly distributed through the protoplasm, which fills the cell ; 
in ease the protoplasm is already abundantly supplied with water, it is instead 
accumulated in vacuoles -Fig. As the vacuoles contain also organic and 

inorganic matter in solution, they ex**rt an attractive force and give rise to further 
absorption of water. The sap of the vacuoles would, in turn, soon be diluted and 
its attractive foree diminished, were it m>t that the regulative activity of the proto- 
plasm soon provides for a rot responding increase of the dissolved salts, so that the 
concentration and attractive force of the sap are continually being restored or even 
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increased. The separate vacuoles thus enlarged ultimately flow together into one 
large sap-cavity m the middle of the cell. 

During this increase in the volume of the cell the protoplasm has 
experienced but little augmentation of its substance, or other modifica- 
tion. The enlargement of the cell has been almost wholly produced 
by the increased volume of water in the sap cavity, which, to distin- 
guish it from the “nutrient water,” “imbibition water,” and “con- 
stitution water ” of the plant, may be designated “ inflation water.” 

As is often observed with the occurrence of many vital phenomena, 
the rate of distension of the walls with the inflation water is not 
uniform, but begins slowly, increases to a maximum rapidity, 

ANl) THEN CSKA DUALLY DIMINISHING ALTOGETHER CEASES. As all 
the cells of equal age in an organ go through this process of inflation 
at the same time, the phenomena of increase and decrease in the rate 
of growth are apparent in the growth of the organ, and give rise to 
GRAND periods of growth. Minor periods, or fluctuations in the 
rate of growth, occurring within the grand periods, are due to irregu- 
larities in the swelling of the cells, occasioned hy change of temperature, 
light, and other influences operative on growth ( r,,i ). 

The large amount of water absorbed hy the growing organ in the process of 
elongation does not lessen its rigidity, hut, on the contrary, it is to the turgor 
thus maintained that the rigidity is due (cf. ]». 16;D. Osmotic pressure seems 
also to take an important part in the growth of the cell wall itself, ('ells in which 
the turgor is destroyed hy a decrease in the water-supply exhibit no growth of 
their cell walls ; it is thus evident that the distension of the cell walls is physically 
essential for their surface -growth. This distension is in itself, however, hy no 
means the cause of their growth ; the internal physiological conditions of the 
growth of the cell walls are dependent upon the vital activity of the living proto- 
plasm. Without the concurrent action of the protoplasm, there is no growth in 
oven the most distended cell wall ; on the contrary, active growth of the cell wall 
may take place with the existence of only a small degiee of turgor tension. A 
correspondence between the turgor tension of the cell walls and the amount of 
growth cannot, under these conditions, be expected, nor can, on the other hand, the 
conclusion he drawn that turgor tension is inoperative, in the processes of growth. 
The importance of the turgor tension is variously estimated, according to whether 
the growth of the cell wall is regarded as resulting from the interpolation of new 
particles of constructive material between the already existing particles of the cell- 
wall substance [ ix ithsumokition) or to the plastic (i.e. inelastic, not resuming its 
original position) expansion of the distended cell wall. In the latter case the 
growing membrauc would continually become thinner, and require to be strengthened 
by the dejmsition of new layers upon it (apposition). Both processes, which may 
occur together, probably take part in the growth of cell walls. The necessity of a 
certain amount of turgor, if growth is to result from plastic stretching, is self- 
evident ; the stretching of the wall by the internal tension, though facilitating the 
introduction of the new particles in growth by intussusception, is, however, not so 
indispensable in this case. 

The assumption of a growth hy intussusception is intimately related to the views 
on the finer (or so-called molecular) stiucture of organic subsumes. The power of 
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swelling in water, which may even lead t'» complete solution, exhibited by organic 
substances, shows that the water of imbibition does not merely penetrate into pre- 
existing capillary slices, but makes a passage for itself by separating the solid 
particles from one another. It is further evident that these particles must be of 
minute (molecular) size. The intimate penetration of the water is the expression of 
a powerful molecular attraction, which is capable of exerting an enormous force ; it 
is rendered p<>M*ihlp by the peculiar molecular construction of organic substances, the 
cohesion of which is only gradually overcome by the water present, in oxi-sss. The 
arrangement of tin? particles has been pictureu as resembling a network or a honey- 
comb. while the frequent occurrence, of double refraction as an optical property of 
organic substances lias been explained as due to the crystalline structure and definite 
arrangement of the groups of molecules (micellae of Nakuki.i) m to the relations of 



Km. 1 simpl** and self-uyisfc riiiK juixiuioiih'I'm. For (knerlption see text 


tension in a colloidal honeycomb- like system / IJCtschm). The? new cellulose particles 
would penetrate into the cell membrane, as particles of colouring matter may be 

introduced with the imbibition water into a ' olloidnl organic substance ( B7 ). 

% 

Thu process of elongation has so far been considered only in 
relation to the single cell, preparatory to the consideration of the 
phenomena presented by the growth of multicellular organs. With 
regard to this it is to be noted that the intensity of growth in 
two organs of equal total growth is greater the shorter the growing 
zone is. 

The operations of growth in plant organs proceed very slowly ; so 
slowly as to be, in general, imperceptible. The stamens, however, of 
many Grumineas grow so rapidly that their elongation is evident, even 
to the naked eye. An increase in length of 1*8 mm. a minute has 
been observed in the stamens of Triticim (Wheat). This approximately 
corresponds to the rate of movement of the minute-hand of a watch. 
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In comparison .with it, the next known most rapidly growing organ 
is the leaf-sheath of the Banana, which shows an elongation of 1*1 mm., 
and a liamboo shoot, an increase in length of 0*6 mm. per minute ; 
while most other plants, even under favourable circumstances, attain but 
a small rate of elongation (0*005 mm. and less per minute) ( r,s ). 


In order to measure the growth in length of a plant, it is customary to magnify 
in some way the actual elongation for more convenient observation. This may be 



Fie. I'.n't. I * growth of <l)tlereiit 

region.-, of tin* 1' it' in halo. 

7, The root-tip «li\ 1 by marking 
wilh imliu-ink int» 0 zones, each 
1 mm. lung. 77, Th aim> rout after 
twenty-two bourn ; by the muMjual 
growth of th** <li lb-rent zones the 
Uni's have IsH-umo M-pamtetl by mi- 
tMjual tliNtaiuvs. (After Svens.) 


effected by means of a microscope, which magni- 
fies the rate of growth correspondingly with the 
distance grown. For large objects, the most con- 
venient and usual method of determining the rate 
of growth is by means of an afxanomktkr. The 
principle of all auxanometers. however they may 
differ in construction, is the same, and is based 
upon the magnification of the rate of growth by 
means of a lever with a long and short arm. In 
Fig. at, the left, a simple form of anxano- 
nicter is shown. The thread fastened to the top 
of the plant to lie observed is passed over the 
movable, pulley (r), ami held taut by the weight 
(</), which should not he so heavy as to exert any 
strain on the planter To the pulley there is 
attached a slender pointer (£), which is twenty 
times as long as the radius of the pulley, and 
this indicates on the scale (.S’) the rapidity of the 
growth, magnified twenty-fold. By a growth in 
the length of the plant -stem of J mm., the pointer 
would accordingly register 1 nun. 

Self- registering iiuxanomete.rs are also used, 
esjieeially in making extended observations. In 
Fig. at, the right, is shown one of simple 
construction. Tin* radius of the wheel (//) cor- 
responds to the long arm, and the ladius of the 
small wheel (r) to the short arm of the lever, in 
the preceding apparatus. Aliy movement of the 
wheel, induced by the elongation of the shoot, 
and the consentient descent of the weight ((/), is 
recorded on the revolving drum (C) by the pointer 
attached to the weight \Z), which is, in turn, 
balanced hv the counterweight ( JT). The drum 
is covered with smoked paper, and kept in 
rotation by the clock-work ( C). If the drum is 


set so that it rotates on its axis once every hour, the perpendicular distances 


between the tracings on the drum will indicate the proportional hourly growth. 

The grand periods in the growth of an organ, due to the internal causes, ate 
clearly shown by such self- registering aiixanonieters by the gradual increase and 
final decrease in the )>cr)»endiculur distances, representing the increment of growth. 
Stukiii. found the daily growth in length of a root of Lupine, expressed in tenths 
of millimetres, to be: 58, 70, 92, 97, 1 t>f>, 192, I08, 1 B7, I21i, 83, 91, 59, 25, 
25, 8, 2, o. For the first iuternode of the stem, growing in the dark, the daily 
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growth observed was: S, 9, n. 12, 35, 43, 41, 50, 51, 52, 66, 54, 43, 37, 28, 18, 
6, 2, o. 

The grand periods of growth, that is, the gradual increase from nil to a maximum, 
and the succeeding decrease to nil again, are, ho\ve\er, not evident throughout the 
whole of a root: during the growth m lcdgth only a small portion of a root is 
actually, at one time, in process of elongation. In roots of land plants the growing 
region extends over only about one centimetre of the extreme tip, often indeed over 
only 4 centimetre ; while all the rest of the root has already completed its growth in 
length. The length of the growing region is inHuenced by such external conditions 
as mechanical Hindrance, cold, warmth, dryness, etc., and exhibits consequent 
variations ( ,w ; That the grand period is exhibited by this short-growing region 
may be made clear by marking off with india-ink, near the tip of a root, 
narrow zones of equal width, which would thus also he made up of cells of 
nearly equal size. In Fig. 196, /, is shown a germinating Bean, Vida Fa ha, 
whose root-tip has heen marked in this way : Fig. 196, II, represents the same root 
alter twenty -two hours of growth. Tic* marks have become separate'* by the 
elongation of the different zones, but in different degrees. ”< cording to their position. 
The greatest elongation is shown by the transverse zone 3 ; from there the growth 
in length decreases towards the younger zones (2 nnd 1), as well as towards the older 
1 4 to jO’.. Thi . peculiar distribution of growth is but the result of the grand periods 
of growth of the cells iu zones of different ages. I:i the millimetre-broad zones of a 
mot oi Vida Faint .Sachs found, after twenty-four hours, that the increase in growth, 
expressed in tenth-millimetres, was as follows : - 

Zones: I., II., Ill , 1\\, X., VI., VII., VIII., IX., X., XI. 

1 net ease : 15. 58 82, 35, lu, 13, 5, 3, 2, I , o. 

The elongating region in sl>o.<t axes is generally much longer than in roots, and 
mually extends over social centimetres, in special eases even over 50 or more 
centimetres, The distribution of the increase corresponds in stems, as in roots, with 
the grand periods of growth of the cells. Kven by i\i Kiir.\L\UY oiioWTii, where 
The region of elongation is m*t eon lined to the apex but occurs in any pari of the 
organ, gen»*NtIIv at its h-ise (leav#s and Dower • stalks of many Monocotyledons), 
grand period* of gi >\\ih are also appaient. A shoot of Pltasrol us multifluru* which 
was divided, from tic* rip downwards, into transverse zones 3 ‘5 mm. broad, showed 
in fori) hums according to Svens, 

’in /.ones: 1.. IF, Hi., IV., V., VI.. VII., MIL, IX., X., XL, XII. 

an i lie’ ease of * 20 , 25. 15, 66 . 55 . 30. 18, to, IO. 5 , 5 . 5 

tenth-millitnet »es. 

This periodicity in the growth in bmgtli occurs even when the external influences 
a fleeting growth remain unchanged, and i> determined by internal causes alone. 

External Influences upon Growth (“>).— External factors often 
take an active part in the process of elongation, either as retarding or 
accelerating influences. As growth is itself a vital action, it is affected 
by any stimulus acting upon the protoplasm : on the other hand, as it 
is also a physical function, it is modified by purely physical influences. 
Growth is particularly dependent upon temperature, light, moisture, 
the supply of oxygen and other substances, and the existence of 
internal pressure and tension. It is also influenced by injuries. 

The INFIX’ KXCE OF fLMTKiMTRK is manifested by the complete 
cessation of growth at a tem}>orature less than 0 0 or higher than 
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40°-50°, Between the minimum and maximum temperatures, at which 
growth ceases, there lies an optimum temperature (p. 161), at which 
the rate of growth is greatest. This optimum temperature usually lies 
between 22' and 37 J C. The three cardinal points of tempera- 
ture here given include a wide range, as they vary for different 
species and even for individual plants of the same species, and for 
their several vital processes. In tropical plants the minimum tempera- 
ture may be as high as + 10° C., while those of higher latitudes, 
where the first plants of spring often grow through a covering of 
snow, as well a° those of the higher Alps and polar regions, grow 
vigorously at a temperature hut little above zero. In like manner, 
the optimum and maximum temperatures show great variation in 
different species of plants. It has been seen above that some Alga* 
and Bacteria grow in hot springs at a temperature of 80° C 1 ., which 
would be fatal to other plants. The optimum does not usually lie in 
the middle between the minimum and maximum, but is nearer the 
maximum. 

A certain amount of variation in the temperature favours the germination of 
seeds more than exposure to a constant temperature, even when the latter is the 
optimum. The same appears to he the ease with certain fungal spores ( flI ). 

The INFLUENCE of LIGHT makes itself felt in a different manner 
from changes of temperature. Light as a general rule retards growth. 
This is apparent from observations on stems and roots grown in the 
dark, and is also true in regard to the growth of leaves, if the dis- 
turbing effects resulting from long-continued darkness be disregarded. 
Too great an intensity of light causes a cessation of the growth of an 
organ, while feeble illumination or darkness increases it. The effect 
of darkness upon the growth of plants is, however, differently mani- 
fested according to its duration, whether it he continuous, or inter- 
rupted, as in the changes of night and day. Long-continued darkness 
produces an abnormal growth, in that the growth of certain organs 
is unduly favoured, and of others greatly retarded, so that a plant 
grown altogether in the dark presents an abnormal appearance. The 
steins of I licotyledons, in such ease, become unusually elongated, also 
soft and white in colour. The leaf-blades are small and of a yellow 
colour, and remain fora long time folded in the bud (Fig. 197, F). 
A plant grown under such conditions is spoken of as “ etiolated.’’ 

This diminution in the size of the leaf-blades and the elongation of the stem 
(and leaf-stalks) are not manifested by all plants, nor under all circumstances. The 
steins, for instance, of certain Cacti are much shorter when grown in the dark than 
in the light. Similarly, the leaves of varieties of the Beet {Hrta) grow as large, 
or even larger, in the dark than in the light : this is also true, under conditions 
favourable to nutrition, of the leaves of other plants {Cunirbita). In the shade of a 
forest leaves often become larger than in full daylight. They are then proportion- 
ally thinner, and the palisade cells which, in leaves fully exposed to the light, 
are in close contact, become pointed below, and thus produce intercellular spaces 
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between them. In this way the modifying influence of light of diminished intensity 
is apparent in the internal structure of such shade - leaves. “Flowers, however, 
if sufficient constructive material be provided by the assimilating leaves, develop, 
according to Sachs’ observations, as well in the dark as in the sunlight, except that 
they are sometimes paler in colour. If, i ’nvever, the assimilatory activity of the 
given leaves be reduced or destroyed by depriving them 
of light, many plants, as '\ocitTiNw found, form only 
inconspicuous or clefs toga mous flowers. 

The tissues of etiolated stems and leaf-stalks are fuller 
of water and thinner -wallcil than in normally growing 
plant*. Even the roots of such plants are often found 
to be less strongly developed. Tin* supply of reserve 
material at the disposal of plants growing in the dark 
is utilised, together with the help of an unusual amount 
of inflation water, in the elongation of the axis. This 
elongation of the shoot axis, Resulting from growth in 
darkness, is of especial value in the development of young 
plants from underground tubers, rhi'omes, and seeds. 

When the leaves must themselves reach t lie light by their 
own elongation, as in many Monocotyledons, they act 
just as the stems of Dicotyledons, and attain an ab- 
normal length in the dark. ^ 

From what has already been said it would 
seem that plants must grow more rapidly during 
the night than dav, and this is actually the case 
where other conditions affecting growth remain 
the same by night as by day. A too low tem- 
perature during the night may, however, com- 
pletely counteract the accelerating influence of 
darkness upon the growth. 

dust as the rays of light of different wave- 
length and refrangihility were found to he of 
different value in the process of assimilation, so 
growth is by no means equal in differently- 
coloured light. It is to the strongly uefuac- 
TIVK, SO-CALLED CHEMICAL, ItAYS THAT THE 
INFLUENCE OF LIGHT ON GROWTH IS DIE; the 
rfl-yellow end of the spectrum acts upon many 
plants in the same manner as darkness ( ,52 ). 

Moisture exerts a twofold influence upon growth. It acts as a 
stimulus, and also, by diminishing transpiration, increases turgidity. 



Kio. li'7. — Two of 

Slunpin alba, of «•<) iml a^e ; 

grown in Uu; dark, 
etioluted ; .V, grown in or- 
dinary daylight, normal. 


Plants in damp situations arc usually larger than those grown in dry places, 
ami in fact may differ from them in their whole habit and mode of growth. Direct 
contact with water seems frequently to exert a special influence ujKm the external 
fonn of plants. Amphibious plants, that is, such as are capable of living both 
upon land and in water, often assume in water an entirely different form from that 
which they possess in air. This variation of form is particularly manifested in the 
leaves, which, so long as they grow in water, are finely dissected, while in the air 
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their leaf-blades are much broader (cf. Fig. 34). The leaf-stalks and internodes also 
often exhibit a very different form in air and water, and undergo the same abnormal 
elongation as in darkness. This is especially noticeable in submerged water plants, 
whose organs must be brought to the surface of the water (young stems and leaf- 
stalk of Trapa natxtns, stem of Hippuris, leaf stalk of Kymphaea , Kuphar , Hydro- 
charts). Such plants are enabled by this power of elongating their stems or leaf- 
stalks to adapt themselves to the depth of the water, remaining short in shallow 
water and becoming very long in deep water. 

The great importance of tree oxyoen has already been alluded to in connection 
with respiratiou (p. 217). Without gaseous or dissolved oxygen in its immediate 
environment the growth of a plant entirely ceases, at least in the case of aerobionts. 

Mechanical Influence. Pressure and traction exert a purely mechanical 
influence upon growth, and also act at the same time as stimuli upon it. External 
pressure at first retards growth ; it then, however, according to I’kefeeji, stimu- 
lates tho protoplasm and occasions the distension of the elastic cell walls, and 
frequently also an increase of turgor. As a consequence of this increased turgor 
tho counter-resistance to tin* external pressure is intensified. If the resistance of 
the body exerting the pressure cannot be oveicome, the plasticity of the cell walls 
renders possible a most intimate contact with it ; thus, for instance, roots and root- 
hairs which penetrate a narrow cavity so completely till it that they seem to have 
been poured into it in a fluid state, it. would be natural to suppose that the effect 
of such a tractive force as a pull would accelerate growth in length by aiding and 
sustaining turgor expansion, lint tin* regulative control exercised by the protoplasm 
over the processes of growth is such that mechanical strain, as Heglku has shown, 
first acts upon growth to retard it (except in the maximum of the grand periods), 
hut then causes an acceleration of even 20 per cent. The elastic resistance and 
rigidity of call walls are increased by the action of a strain ; such a strain may also 
induce tho formation of eollem hyma and selerem hyma which would not otherwise 
have been developed. Thus a leaf-stalk of J Id l tho run, which at first can just hear 
a weight of 400 grammes may have this gradually increased to 3500 grammes 

Kurefaction of the air, chemical stimuli, and internal states may exert consider- 
able influence on growth. According to Townsend, slight wounds accelerate 
growth, while more serious ones retard it. 

The Internal Development of the Organs 

The internal development of the organs is only completed after 
they have finished their elongation and attained their ultimate size. 
They are then first enabled to fully exercise their special function. 
To this end coll cavities usually become more or less fused, and 
the cell walls thickened, often in a peculiar and characteristic manner 
(p. 03). 

In the case of plants equipped for a longer duration of life, a 
growth in thickness follows the growth in length (p. 122). 

Periodicity in Development and Duration of Life 

Tho periodically recurring changes in the determinative external 
influences, especially in light and temperature, occasioned by the alter- 
nations of day ami night and of the seasons, cause corresponding 
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j>eriodical variations in the growth of plants. These variations do 
not follow passively every change in the condition of the external 
influences. On the contrary, the internal vital processes of plants so 
accommodate themselves to a regular periodicity that they continue 
for a time their customary mode of growth, independently of any 
external change. The nightly increase of growth, which is especially 
noticeable after midnight in the curve of growth, and tho retardation 
of growth, specially marked after mid day, will continue to be exhibited 
for some time in prolonged darkness when the temperature remains 
constant, thus under these conditions Ildwnthu* tnberosus has been 
observed to continue its regular oailv pkkiods for t\u> weeks, affording 
an example of the inexplicable occurrence of so-called ai*TKR-KKFK<:ts, 
which are frequently mentioned in a later chapter. 

Still greater is the influence exerted on the life of plants by the 
alternation of winter and summer, which in the plant* of the colder 
zones has rendered necessary a well-marked winter rest. This is not 
in reality an absolute rest : for although the outwardly visible pro- 
cesses of dt veloprnent and growth stand still, the internal vital pro- 
cesses, although retarded, never altogether cease. 

Tin* \SNi At 1’Ki;um*s of growth occasioned by climatic changes, which an* 
rendered >»> notinalde hv I In Killing of tin* leaves in the autumn, and the develop- 
ment of new shoots ami leaves in the spring, have stamped themselves so indelibly 
upon tin* life of the trees and shrubs of the temperate /ones, that, when cultivated 
in tropical lands where ntliej plants tire green throughout the year and blossom and 
b« ar fruit, they continue to lo*e their leaves and pu:,s for a short time at least into 
a "ta^e of lest. Tin* Oak, 1 leech, Apple, and Pear retain their resting period in 
the sub-tiop ‘*al climate of Madeira, while, under uniformly favourable conditions 
m the mountain legion* of .lav,» the periodicity may he disturbed in particular 
individual*.. This even oceuis in the several branches of the same tree which may 
then bear leafy and leafless boughs at the same time. Other trees again gradually 
accustom themselves to the new conditions, us th* Cherry and Peach, for instance, 
which in Ceylon have become evergreen trees. The Peach is reported to produce 
flowers and fruit throughout the entire year; while the. Cherry, like many other 
tiees of the temperate /one, ceases n I logit her to bear flowers in tropical climates. 
Since in these tropical localities endemic species may exhibit well-marked periods 
of rest and of renewed vegetative activity, it is clear that such periodicity is not 
merely induced and regulated by external influences. Its cause, must rather be 
sought in an autonomous, rhythmic course of the vital process itself. Although 
to so many plants winter is the season of test and cessation from growth, 
other plants e.y. certain Lichens and Mos.es, seem to find in the wanner days 
of winter the most favourable conditions of segetation; and in summer, on the 
contrary, either do not grow at all or only very little. Similarly, many spring 
plants attain their highest development, not in summer, but during the variable 
weather of March and April, and, tor the most part, they have entered upon their 
rest period when the summer vegetation is just awakening. 

in countries where there are alternate rainy and dry periods, the latter generally 
correspond to the winter period of vegetative rest. 

The interruption of vegetative processes in meadow and field plants by related 
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mowing lias, according to Wettstein, induced a seasonal dimorphism in many cases. 
The shoots developed ill late summer differ considerably from those formed in the 
spring { M ). 

Favourable conditions may shorten the resting period, especially if the organisms 
have previously been exposed to the influence of frost, drought (withering), or, as 
Johann sen discovered /m ), to ether vapour, etc. This premature awakening does not, 
^however, result equally readily at all periods of the resting time. It occurs best in 
the later portion of the latter, just before the normal time of awakening, and almost 
equally well in the earlier portion just after arrest has taken place. In the inter- 
vening period of complete rest such attempts are usually without result. These 
facts must be considered in the forcing of plants, as must also the fact of the tem- 
perature optima differing for the several developmental processes, for some of which 
they are relatively low. 

Duration of Plant Lifk. — The life of a plant, during the whole 
of its development, from its germination to its death, is dependent upon 
external and internal conditions. In the case of the lower vegetable 
organisms, such as Algm and Fungi, their whole existence may be 
completed within a few days or even hours, and indeed some of the 
higher herbaceous plants last only for a few weeks, while the per- 
sistent shrubs and trees, on the other hand, may live for thousands 
of years. 

After the formation of the seeds, there occurs in many plants a cessation of their 
developmental processes, and such a complete exhaustion of vitality that death 
ensues. Such an organic termination of the period of life occurs in our annual 
summer plants, which, according to Klkijs, can be made perennial by artificially 
preventing their reproduction. It also takes place with plants in which the pre- 
paratory processes for the formation of fruit have extended over two or more years, 
as in Urn ease of the 10 to 10-year-old Agave, which, after the formation of its stately 
inflorescence, dies of exhaustion, and in some Palms. In plants, on the other hand, 
which in addition to the production of flowers and fruit accumulate also a reserve 
of organic substance, and, with their reproductive organs, form also new growing 
points, life does not cease with the production of the seeds. Such plants possess 
within themselves the power of unlimited life, the duration of which may only be 
terminated by unfavourable external conditions, the ravages of jairasites, injuries 
from wind, and other causes. 

The longevity of trees having an historical interest is naturally best known and 
most celebrated, although, no doubt, the age of many other trees, still living, dates 
back far beyond historical times. Tin* celebrated Lime of Neustadt in Wiirtemberg 
is between 800 and 1000 years old ; the age of the Fir of lieque is estimated at 1200 
years, and a Yew in Braburn (Kent) is at least as old. A stem of a Sequoia in the 
British Museum has, with 1330 auunal rings, a diameter of 4*5 m., and, according 
to Cahuutiikus, must have originally been 28*5 m. in circumference. An Atlan- 
sonia at Cape Verde, whose stem is 8-i) m. in diameter, and a Water Cypress, near 
Oaxaca, Mexico, are also well-known examples of old trees. Of an equally astonish- 
ing age must have been the celebrated Dragon-tree of Orotava, which was overturned 
iu a storm in ISAS, and afterwards destroyed by tire. The lower plants also may 
attain a great ag«* ; the apically growing mosses of the calcified Gymnostomum 
dumps, and the stems of the Sphagnaccac, metre-deep in a peat-bog, must certainly 
continue to live for many hundred years. 
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In thus referring to the ages of these giant plants, it must not 
be understood that all the cells remain living for so long a time, 
but rather that new organs and tissues are developed, which continue 
the life of the whole organism All that is actually visible of a 
thousand-year-old Oak is at most but a few years old. The older 
parts are dead, and are either concealed within the tree, as the pith 
and wood, or Lave been discarded like the primary cortex. The cells 
of the original growing point have alone remained the whole time 
alive. They continue their growth and cell division so lon|* as the 
tree exists ■ while the cells of the fundamental tissue arising from 
them, and destined for particular purposes, all lose their vitality after 
a longer or shorter performance of their functions. 

The cells of the root-hairs often live for only a few days ; too same is also true 
of the glandular cells and trichomes of stents and leaves. The and hast fibres, 
as also the sclerenchymatous cells, lose their living protoplasm after a short time. 
Entire organs of long-lived plums have I'etjuently but a short existence ; the sepals, 
petals, and stamens, for example. The foliage leaves, also, of deciduous trees live 
only a few summer months and then, after being partly emptied of their contents, 
are discarded. The leaves even of evergreen plants continue living hut a few years, 
before they too fall oir. Small twigs, especially of Conifers, are also subject to the 
same fate. The cells of the medullary rays afford the best examples of long-lived 
cells constituting |*crinane?it tissues. In many trees, as in the beech, living 
medullary ray cells over .* hundred years old have been found, although, for the 
most j>art, they live only about fifty years. 


V. The Phenomena of Movement 

In every living organism there is constantly occurring in the 
course of the metabolic processes an active movement and transposi- 
tion of substance. As these movements are for the most part 
molecular they are generally imperceptible ; but that they actually 
take place is demonstrated with absolute certainty by the local 
accumulation and diminution of substance, shown both by weighing 
and by the results of chemical analysis. 

There are also other forms of movement which play an important 
jiart in the physiology of every organism, and on which its vital 
processes are to a large extent dependent : these are the movements 
due to heat and the related conditions of vibration resulting from 
light, electricity, etc. 

Apart from the movements of this class, which may take place 
within organisms which, externally, are apparently at rest, there occur 
also in plants actual changes in position, externally noticeable but 
usually of gradual operation ; yet in special cases they may involve 
rapid motion. These movements may be carried on either by the 
whole plant or by single organs. 
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Reference is here made only to the spontaneous movement resulting from the 
activity of a plant organism itself, and this should not be confused with the 
passive movements due to externally operating mechanical agencies, such as water 
and wind, which, although they have a certain importance for plant life, will not 
be here considered. 

Protoplasm itself is capable of different movements. Naked 
protoplasmic bodies almost always show slow movements resulting in 
a gradual change of position ; but cells enclosed by cell walls possess 
also the power of independent locomotion, often indeed to a con- 
siderable extent. Multicellular plants, however, as a rule ultimately 
attach themselves, by means of roots or other organs, to the place of 
germination, and so lose for ever their power of locomotion, except in 
so far as it results from growth. A gradual change in position due 
to growth is apparent in plants provided with rhizomes, the apical 
extremities of which are continually growing forward, while the older 
portions gradually die off. A yearly elongation of 5 cm. in the 
apical growth of the rhizomes would result, in twenty years, in 
moving the plant a distance of one metre from its original position. 
A seedling of Cusciita (p. 2(>7) in its search for a host plant illustrates 
the power of maintaining, for a time, a creeping movement over the 
surface of the soil ; a growing CauInjMt (Fig. 253) likewise exhibits in 
the course of years a similar advancing movement. In addition to 
those movements, occasioned by a growth in length, plants firmly 
established in the soil possess also the power of changing the position 
and direction of their organs by means of rruvATURjfl and ROTATION. 
In this way the organs are brought into positions necessary or 
advantageous for the performance of their function. By this means, 
for example, the stems me directed upwards, the roots downwards; 
the upper sides of the leaves turned towards the light ; climbing 
plants twined about a support, and the stems of seedlings so bent 
that they break through the soil without injury to the young leaves. 

Movements of Naked Protoplasts and Single Cells 

The creeping movements of naked protoplasts, such as are shown 
by an amodui or plasmotlium, in the protrusion, from one or more 
sides, of protuberances which ultimately draw after them the whole 
protoplasmic body, or are themselves again drawn in (Fig. 198), are 
distinguished as amcehoiij movements. These movements resemble, 
externally, the motion of a drop of some viscid fluid on a surface to 
which it does not adhere, and are chiefly due, according to Bertholp, 
to superficial tension, which the protoplasm can at different points 
increase or diminish, by means .of its quality of irritability. (By 
means of irregular changes of surface-tension similar amoeboid move- 
ments are also exhibited by drops of lifeless fluids.) 

In the swimming movements by means of cilia, on the contrary, 
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the whole protoplasmic body is not involved, but it possesses special 
organs of motion in the form of whip-like plagella or CfUA. These 
may be one, two, four, or more in number, and arranged in various 
ways (Figs. 96, 97). They move very rapidly in the water and 
impart considerable velocity to the protoplast, often giving it at the 
same time a rotatory movement. While the swiftest ship requires 
10-15 seconds U travel a distance equal to its own length, the velocity 
with which these protoplasmic bodies are impelled by their cilia, in a 
second,, *s two or three times their length, although, owing to their 
diminutive size, the distance travelled by them in an hour would 
amount to only about a metre. The protoplasmic body is conveyed 
by the motion of the cilia in a deiinite direction, which is so regulated 
by the action of stimuli that it may be instantly changed. In this 
way the direction and velocity of the ciliary movements are made 
serviceable to the protoplasmic organisms through tie* irritability of 
the protoplasm. Gravity and light, cer- 
tain substances in solution, and mechani- 
cal hindrances are the principal influences 
whiMi regulate the movements of free 
swimming protoplasmic bodies and cells. 

The direction of the movements of the 
swarm -spores of Alga are chicHy deter- 
mined by the light. So long a* they 
remain in darkness they move through 
the water in all directions ; hut as soon 
as they are illuminated from one side 
only, a definite direction in their move- 
ments is perceptible. They move either 
straight towards the light or turn directly 
away from its source. Their retrogressive 
movements from the light occur either in 
case of too intense illumination, or at a 
certain age, or through some unknown 
disturbing irritation. The advantage of 
such HELIOTACTIC MOVEMENTS (phototUC- 
tie) is at once apjiarent when the part taken by the swarm-spore in the 
life of an Alga is considered. In order to provide for the future 
nutrition of the stationary Alga into which it afterwards develops, it 
must seek the light. If a point with suitable (that is, not too intense 
and not too weak) illumination be attained, then the swarm-spore must 
attach itself by the end which carries the cilia : to do this it must turn 
itself from the light towards a dark object. On the other hand, as the 
swarm-spores do not come to rest at all in absolute darkness, but swim 
continuously until thoroughly exhausted, the possibility of their attach- 
ing themselves in a spot devoid of light where the new plant could 
not assimilate is excluded. 


V 



Kit;. 1 • Atinrbotd movement, Tin* 

arrows indicate tho direction ami 
rwrxy ofihu movement; the crosses, 
the. joints at rent. At tho time 
l*cit»K the principal movement is 
from 7/ to K, but at any moment it 
may be towards Jl or /., and so 
cliange tin* direction of the course 
taken by flu* nunetia. 
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The swarm-spores of water Fungi and motile Bacteria, according 
to Pfeffkr’s iuv stigations, are chiefly influenced in their movements 
by the unequal distribution of dissolved substances in their environ- 
ment (chemotaxis). Minute traces of free oxygen can be recognised 
by the influence exerted on the movement of certain Bacteria ; Engel- 
M ANN’S bacterial method depends on this fact. According to their 
momentary requirements and their sensitiveness to stimuli, such small 
organisms move either towards or away from the points of highest 
concentration ; they are sensitive to the quantity as well as the 
quality of the dissolved substances, and also to the osmotic effects of 
the latter (osmotaxis) ( m ). 

As the result of similar chemotaotic movements spermatozoids 
approach the female sexual organs. IVhffkr has demonstrated that 
the spermatozoids of Ferns are enticed into tin; long necks of the 
archegonia by means of malic acid : while the archegonia of the Mosses 
attract the spermatozoids by a solution of cane-sugar. In such cases 
an extremely small quantity of dissolved substance is often a sufficient 
stimulus to call forth active cheniotactic movements ; a 0*001 per cent 
solution of malic acid suffices for the attraction of Fern spermatozoids. 
The movements of aimeba* and plasmmlia are similarly induced by 
external influences. These naked protoplasts live not only in water 
(amoeba*), but also in moist substrata (plasmodia, aimeba*), and seem 
to possess the power of seeking out situations with more moisture, or 
of avoiding them (before the formation of spores): their movements 
are also influenced by tbe direction of currents in t he water (rheotaxis). 
The term thiginotaxis or stereotaxis lias been applied to the property 
of certain swarming cells, which are stimulated by mechanical contact 
to remain attached to the object around which they arc swarming. 
This has been observed in spermatozoids of Funiivut and in ( 'hroniatiam 
wt'ism , a sulphur-bacterium. In cases where cells enclosed by cell 
walls ( Sjthanrlla plunalis) swim freely about bv means of cilia, the 
eilia spring from the protoplasm and pierce the cell walls. 

Diatoms and Desmids exhibit quite a. different class of motcnients. The Diatoms 
glide along, usually in a lino with their longitudinal axes, and change the direction 
of their movements by oscillatory motions. From the manner in which small 
particles in their neighbourhood are set in motion, it u as concluded that special 
organs of motion probably protrude, like pseudopodia, thtough openings in then- 
hard silieitied shell. Recently these motile organs have been seen in some forms. 
Aeootdiug to 0. MOm.f.u the movement is set up by a current of protophiMU, which 
bursts through the raphe; this may become invested with a mucilaginous sheath. 
Dorresponding to the differences in the construction of the nwmbrane. differences in 
the motile apparatus are found in the group. The cells of Ihsmulutvrar attach 
thenmebesto the substratum bv ’mucilaginous excretions, and effect their peculiar 
movements by local fluctuation* in the mucilaginous layer. The advancing move 
incuts of the tilamentons (heiHarime and Spirulina* take place, according to Corkkkh. 
in a mucilaginous sheath, but their mechanism is as little understood as that of the 
slow movements of Spiragryra. 
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The Movements of Protoplasm within Walled Cells 

Although plants which are firmly attached and stationary exhibit 
no such locomotory movements, the protoplasm within their cells does 
possess a power of movement. Such internal protoplasmic movements 
are especially active in the non-cellular Siphmenc , in the elongatt 
internodal cells of the Characeae, in the hairs of many plants^fs 
well as in the leaf-cells of some aquatic plants. The active proto- 
plasmic currents in Caulerpa move along its outer walls and around the 
internal cellulose bands, stretching from wall to wall in the manner 
of an immense imprisoned plasmodium. 

The three following different forms of protoplasmic movement 
within cell cavities may be distinguished : circulation, rotation, 
and ORIENTATION. 

In the case of circulatory movement the different currents of 
protoplasm, although often quite close together, flow in different 
directions in slender protoplasmic strands, which stretch from the cell 
wall to the nucleus (cf. p. 57 and Fig. 60). 

In the rotatory movement the protoplasm moves along the cell 
wall in one direction only, dragging with it the nucleus and often also 
the chlorophyll grains (cf. p. 57). 


The cause of these movements, which may take different, directions in adjoining 
cells, and may also continue after the protoplasm has been drawn away from the cell 
walls by phismolysis (p. W5-, is not y -t understood. It is, however, known that 
the continuance and activity of .such protoplasmic movements, the existence of which 
was first observed l»y CuRTi in 1772, and later rediscovered by Tkkviiianijh in 1807, 
are dependent on factors which, in general, support and promote the vital activity ; 
while th** presence of free oxygen ami proper conditions of temperature seem to be 
particularly favourable to them. That the movements in NUr.lla continued, according 
to Kvhnf/s observations, for days and weeks in the absence of oxygen is explained, 
according to Rittkii ( ti7 ), by the power the Chtiraceac possess of becoming facultative 
anaerobes. Through the study of sections in the cells of which currents had been 
induced in the protoplasm, b}* the injuries sustained in their preparation and by 
other abuormal conditions, gt.ive errors have arisen concerning the existence of such 
protoplasmic movements in cells, in which under normal conditions they cannot be 
observed. The presence of protoplasmic cnm-nts in a cell may, in fact, indicate 
either an energetic vital activity, or, on the other hand, be merely a symptom of a 
pathological or, at least, of an excited condition of the protoplasm. 

The movements of orientation of the protoplasmic body do not 
proceed in the same uninterrupted manner as the circulatory and 
rotatory movements. They are also usually so gradual as to be only 
recognisable through their operations. They are induced by changes 
in the external influences, especially as regards the intensity of the 
light, and result in producing a definite position of the protoplasmic 
bodies, as, for example, the orientation of the chlorophyll grains with 
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regard to the light Movements of this kind have been most frequently 
observed in Algae, in submerged Duckweed (Lemm trimica ), in the 
prothallia of Ferns and Mosses ; but similar movements can also be 
observed in the higher plants. 



Ftu. 109.— Varying {toHitions taken l»y 
the chlorophyll grains in th« odls of 
/nnn n trixuh'ti m illumination of dif- 
feivnt. intensity. 7', in diffuse day- 
light ; .s’, in diiret sunlight ; A', at 
niuht. The arrows indicate tin- direc- 
tion of the litfltt, (After Stahl.) 

In the colls of the filamentous Alga X Iw.arpus, the chloroplasts, in the form of 
a single plate suspended length- wine in each cell, turn upon their longitudinal axes 
aocording to the direction and intensity of the Halit. In light of moderate intensity, 
according to Stahi/s observations they place themselves transversely to the source 
of light, so that they are fully illuminated (transverse position \ ; when, on the other 
hand, they are exposed to direct sunlight, the ehlorophyll plates are so turned that 
their edges are directed towards the source of light (profile jinsition). A similar 
protection of the chloroplasts against too intense light, and th* ir direct exposure, 
on the otlier hand, to moderate illumination, is accomplished, where they are of a 
different form and more numerous, hy their different disposition relative to the coll 
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walls. In moderate light the chlorophyll bodies are crowded along the walls, which 
are transverse to the direction of the rays of light (Fig. 192, T). They quickly pass 
over to the walls parallel to the rays of light, however, as soon as the light becomes 
too intense, and so retreat as far as possible from its action (Fig. 199, S). In darkness 
or in weak light the chloroplasts group themselves in still a third way (Fig. 199, N) f 
the advantage of which is not altogether clear. 

The form of the chlorophyll bodies themselves undergoes modification during 
changes in their illumination ; in moderate light they become flattened, while in 
light of greater intensity they are rounded and thicker. 

As a special mode of protection against too intense light, the chloroplasts of the 
Siphoneac (and the same thing is observed in many plants) become balled together in 
separate clumps. In correspondence with the changes in the position of the chloro- 
plasts, the colouring of green organs naturally becomes modified. In direct sunshine 
they appear lighter, in diffused light a darker green. The attention of Sachs was 
first called to the phenomena of the movements of the chloroplasts by the accidental 
observation that the shadow of a thermometer was represented in dark green on a 
leaf otherwise directly illuminated by the sun. 

Wounds and one-sided cell- wall thickenings likewise give rise to orientation 
movements, as they occasion a crowding together on one side of the nucleus and 
protoplasm. 

A special mode of protoplasmic movements, which may be termed 
STREAMING, occurs, according to Arthur, in the mycelium of some 
Fungi. In it the whole mass of protoplasm, with its included vacuoles, 
streams towards the end of the hypha, only the limiting layer remain- 
ing at rest. After a longer or shorter interval a similar streaming 
movement sets in in the opposite direction (cf. Fig. 200). 

UiiAiu.orn; Tkknkiz observed the same type of movement in tlie mycelium of 
Jsrophan ns rer/mts, where the protoplasmic stream, with its vacuoles, makes its way 
through tlie pores of the perforated transverse septa. In this latter case it was 
established that the direction of tlie streaming was determined by local differences in 
the supply of water ('* . 


Movements producing Curvature 

The movements of the organs of stationary plants, unicellular as 
well as multicellular, are accompfished by means of curvatures. In an 
organ that has grown in a straight line the longitudinal sides are all of 
equal length ; in an organ that is curved, however, the concave side 
is necessarily shorter than the convex side. When, accordingly, the 
opposite sides of a pliable organ become of unequal length, the organ 
must curve toward the shorter side (Fig. 169). Inequality in the 
length of the opposite sides may result from various causes. A 
curvature occurs if the length of one side remains constant, while the 
opposite side becomes shorter or longer, and also from the unequal 
elongation or contraction of both shies, and similarly from the elonga- 
tion of one side and the contraction of the other. 

Such curvatures most frequently occur in plants as a consequence 



246 


BOJANY 


PAST I 


of unkqu jUi More rarely they are due to the different 

lengtlTof the opposite sides, resulting from unequal turgor tension. 
A third source of curvature is found in the unequal amount of water 
taken up by IMBIBITION, and the consequent unequal distension of the 
cell walls on the opposite sides of an organ. A fourth cause is the 
loss of water from certain arrangements of cells, the latter being made 
to contract in a definite direction owing to the cohesive force of 
the water which remains in them. 


1. Movements dependent on Imbibition and Cohesion 

» 

As the cell walls of actively living cells are always completely 
saturated with imbibition water, hygroscopic curvatures are exhibited 

only by dry and, for the most part, 
dead tissues. The hygroscopic move- 
ments in any case, however, are due 
to the physical properties of the cell 
walls, and have no direct connection 
with the vital processes, except in so 
far as the capacity of cell walls to 
swell and take up large quantities of 
imbibition water is due to the proto- 
plasm by which they were formed. 
The activity of the protoplasm in 
the formation of the cell walls is like- 
wise manifested in their anatomical 
structure, in their stratification and 
striation, and in the position of the 
pits, as well as in the arrangement 
and disposition of the cells them- 
selves. 

The absorption of imbibition 
water by cell walls is accompanied 
by an increase in their volume, and 
conversely the volume of the cell 
walls is diminished by the evapora- 
tion of the imbibition w^ater. Ac- 
cordingly, whenever unequal amounts 
•M' of water are held by the cell walls 
on the different sides of an organ, 
either through unequal absorption or 
evaporation, hygroscopic movements are produced, which result in the 
curvature of the organs. In many cases the organs of plants are 
especially adapted to such movements, by means of which, in fact, 
Important ojmrations are often accomplished, as, for example, the 
llehiscence of seed-vessels and the dissemination and burial of seeds. 





M«. v'Ul. Kind of F.nui, 
the dry vuixitt-tou, «•< 
(dongat*!. 


lih'd ; ft, moist mid 
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The rupture of ripe seed-vessels, as well as their dehiscence by the opening of 
special apertures ( Papaver , Lychnis , Antirrhinum , etc.), is a consequence of the 
unequal contraction of the cell walls due to desiccation. At the same time, through 
the sudden relaxation of the tension, the seeds are often shot out to a great distance 
( Tricoccae , etc.). In certain fruits not only curvatures but torsions are produced as 
the result of changes in the amount of water they contain, e g. Er odium gruinum 
(Fig. 201), Stipa pemiata , Avcxii stcrilis , by means of which, in conjunction with 
their stiff barb-like hairs, the seeds bury themselves in the earth. 

The variation in dampness of the air causes the pappus hairs of the Cynareae 
(Compositor) to expand in dry ami fold together in damp weather. The opening of 
^the moss sporogonium is, in like manner, due to the hygroscopic movements of the 
teeth of the peristome. In the case of the Eq iiisctaccac the outer walls of the spores 
themselves (the perinium) take the form of four arms, which, like elaters, are capable 
of active movements, by means of which numbers of spores become massed together 
before germinating, and the isolation of the diiccious prothallia prevented. 

In order to call forth imbibition movements the actual presence of liqu ;, l water 
is not necessary ; for, through their hygroscopieity, cell walls have the power of 
absorbing moisture from the air. They are hygroscopic, and for this reason the 
ensuing movements arc also often termed hygroscopic movements. 

Stkinbkinck. and Kamkkunu have distinguished the mechanisms 
which depend cm the cohesive power of water from those depending 
on imbibition. The cohesion mechanisms were previously confounded 
with the latter, from which they differ in that, even during the move- 
ment, the cell walls remain saturated with water. It is the lumen of 
the cell which diminishes in size when the loss of water, on which the 
movement depends, occurs. The cohesive force of the remaining water 
tends to pull the thinner walls of the cell inwards after it, and thus to 
approximate other walls, which are strongly thickened and exhibit a 
definite arrangement. In this way an energetic shortening of the 
specialised tissue is brought about which leads to alteration of form or 
to the dehiscence of spaces enclosed by the tissue. The walls of 
anthers and of the sporangia of the higher cryptogams afford examples 
of such a method of dehiscence. The movements of the elaters of 
Liverworts and Myrumycrin #, w T hich serve to distribute the spores, as 
well as of the, jKippus of most, and % the involucre of some, Compositor, are 
effected in the same way ( Gj ), 

Mechanisms- dependent on imbibition and on cohesion may co- 
operate in the movements of some plants. This is the case in the 
changes of form dependent on drying and wetting exhibited by plants 
which can endure without injury periods of desiccation, c.g. Hehujmila 
bpidophjUo (p. 177) and certain Mosses and Lichens. 


2. Growth Curvatures 

Movements from which curvatures result are, for the most part, 
produced by the unequal growth of living organs. The unequal 
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growth is due, partly to internal causes which are still undetermined, 
and partly to the operation of external influences which can be posi- 
tively demonstrated knd defined. The movements resulting in the 
first case are spontaneous, and are called autonomic movements or 
nutations ; in the second case the movements are the result of 
external stimuli, and are distinguished as irritable or PARATONIC 
movements. 

Autonomic Movements are most plainly apparent in young actively- 
growing organs, although nutations have been shown to be exhibited 
by all growing plants, as their tips do not grow forward in a straight 
line, but, instead, describe irregular elliptical curves. These move- 
ments, which Darwin termed circumnutations, while often not 
perceptible to the eye, are very noticeable in some special organs. 

The unfolding of moat leaf and flower buds, for example, ia a nutation movement 
which, in this instance, is iuduced by the more vigorous growth of the, inner side of 
the young leaves. The same unequal growth manifests itself most noticeably in the 
leaves of Ferns and many (■ycmlcae. In the same manner, movements of nutation 
ire caused in other lateral organs when growth is more energetic on either the upper 
side (emnahty) or on the lower side (iiytonasty). The stems of many seedlings 
Tie, on their emergence from the seeds, strongly curved. From the nutation of the 
* hoots of AmjH'lop&is qvinipn folia a curvature is produced which continuously 
advances with the increased growth ; so that, by means of its hooked extremity, a 
dioot is better enabled to seek out ami cling to a support. When the unequal growth 
is not confined to oue side, but occurs alternately on different sides of an organ, the 
nutations which result seem even more remarkable. Such movements are particularly 
apparent in the flower-stalk of an Onion or of Yucca fihnnnitosn , which, although 
liually erect, in a half-grown state often curves over so that its tip touches the 
ground. This extreme curvature is not, liowevei, of long duration, and the flower- 
stalk soon becomes erect again and ImmuIs in another direction. Thin and greatly 
elongated organs must, from purely physical reasons, quickly respond to the effects 
of unequal growth. The thread-like tendrils of many climbing plants, so long as 
they are in a state of active growth, afford excellent objects for the observation of 
nutation movements. If the line of greatest growth advances in a definite direction 
around the stem, its apex will exhibit similur rotatory movements (revolving 
nutation). This form of nutation is characteristic of the tendrils and shoots of 
climbing plants, anti renders possible their peculiar mode of growth. The so-called 
REVOLVING NUTATION OF TWINING TLA NTS is Hot HU AUTONOMIC MOVEMENT, aild 
will Ik* considered lat< r with the paratouie movements. 

Paratonlo Movements. — The phenomena of paratenic movements 
are of the very greatest importance to plant life, for through their 
operations the organs of plants first assume such positions in the air, 
or water, or in the earth as are necessary for the performance of their 
vital functions. A green plant which spread its roots over the surface 
and unfolded its leaves l>elow ground could not exist, even though all 
its member* possessed the best anatomical structure. Seeds are not 
always so deposited in the soil, with the embryonal stem directed 
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upwards and the radicle downwards, that their ^different organs can, 
merely by direct growth, attain at once their proper position. A 
gardener does not take the trouble to ascertain, in sowing seed, if the 
end which produces the root is directed downwards or the stem end 
upwards, lie knows that in any position the roots grow into the ground, 
and the stems push themselves above the surface. Plants must 
accordingly have in themselves the power of placing their organs in 
positions best adapted to the conditions of their environment. That 
is only possible, however, when the externally operative forces and 
substances, e.g. light, gravity, humidity, the presence of oxygen, can 
so influence the growth of a plant that it is constrained to take certain 
definite directions. 

The same external influences excite different organs to assume 
1 quite different positions. Through the influence of gravity, the tap- 
toot grows directly downwards in the soil, while the lateral roots take 
a more or less diagonal direction. The main stem grows perpendi- 
cularly upwards ; it, like the primary root, is ORTHOTRoriC. The 
lateral branches, on the other hand, just as the secondary roots, 
assume an inclined position and arc I’LAClOTisopn.'. The apical ex- 
tremities of shoots are constrained to seek the source of light ; the 
leaves, on the contrary, under the same influence place their surfaces 
transversely to the direction of the rays of light. The different posi- 
tions assumed by an organ when acted upon by external influences 
has been termed by Sachs anisotropy. In addition to the purely 
morphological structure of the plant body, anisotropy also determines 
essentially its external form and appearance ( 70 ). 

That all these paratonie movements cannot result merely from the 
action of external forces alone will be at once recognised if it be taken 
into consideration that anisotropic hut in other respects similar organs 
are affected differently by the same influences, and that even the same 
organs react differently at different ages ; and that, moreover, the 
external forces produce effects which hear no relation to their usual 
physical and chemical operations. It will, on the contrary, he at once 
apparent that they are rather tha result of definite processes of growth, 
arising from an irritability to stimuli induced bv external influences 
(cf. p, 160). 

In order that external influence* may produce sucli effect*, plants must be 
sensitive to stimuli, that is, the stimuli must produce in them certain modifications 
with which, in turn, certain definite vital actions are connected. The precise manner 
in which an external influence produces an internal stimulation within an organism 
is not at present known. In order that an external physical foice can ojwrate as 
a stimulus, there must exist within the Jiving substance definite structures or organs 
which are influenced by it. The movements of growth occasioned by external stimuli 
are, for the most part, movements in ffespousc to directive stimuli which lead to a 
definite position of the organ, relatively to the direction of the operative influence. 
The principal external stimuli that come into consideration aw light (and electricity), 
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heat, gravity, chemical influences (oxygen, nutritive substances, water, etc.), impact 
and friction. 

As the points of greatest irritability in plants or their organs are often more or 
less removed from the points where the effect of the stimulation is manifested, a 
propagation of the stimulation must take place. Thus, a stimulus received by a 
non -motile organ may be conveyed to an organ capable of motion, and there produce 
movement. In the case of roots, for example, .the geotropic stimulus is received 
v by the non-motile root-tip, while the movement is induced in tin* part of the root in 
process of elongation ( v ). 

The capacity of organs to assume a definite direction by means of 
curvatures of growth is distinguished, according to the nature of the 
particular inciting stimulus, as heliotropism, geotropism, hydrotropism, 
etc. ; and these again are either positive or negative, according as 
the direction taken by the curvature is towards or away from the irri- 
tating stimulus ; while plant organs which place themselves more or 
less transversely to the line of action of the operative forces are termed 
iMATKopic. As a special result of diatropisin, a transverse position is 
assumed which is exactly at right angles to the direction in which the 
influence which acts as the stimulus is exerted. Dorsiventral organs, 
in particular, exhibit a tendency to assume diatropie and even trans- 
verse positions. 

A. Jleliotropiam 

The importance of light to plant life is almost incalculable. It is 
not only absolutely essential for the nutrition of green plants, but it 
has also a powerful effect upon the growth and general health of the 
plant organs. Deprived of light for any length of time, leaves and 
flowers usually fall off ; fully developed, vigorous organs of green 
plants soou become yellow in the dark, and droop and die. Prolonged 
darkness acts like a poison upon those portions of plants accustomed 
to the light. On the other hand, exactly the reverse is true of plants 
or organs whose normal development is accomplished iu darkness. 
Upon them the light has a most injurious, even fatal, effect, as may 
be easily observed in the case of Fungi and Bacteria. The hygienic 
importance of daylight in dwelling-places is due to the destructive 
action of light upon such forms of plant life. That some plants seek 
the light, while others avoid it, is not surprising in view of the 
adaptability which organisms usually exhibit in respect to the in- 
fluences with which they come in contact in the natural course of their 
development. 

A good opportunity for the observation of heliotropic phenomena 
is afforded by ordinary window -pi ants. The stems of such plants do 
not grow erect as iu the open air, but are inclined towards the window, 
and the leaves are all turned towards the light as if seeking help. 
The leaf- stalks and stems are accordingly positively hkliotropic. 
In contrast with these organs the leaf- blades take up a position at 
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right angles to the rays of light in order to receive as much light as 
possible. They are diaheliotropic, or transversely hkliotropic, in 
the strictest sense (Fig. 202). If among the plants there should be one 
with aerial roots, Chlorophytuin for instance, an example of negative 
hkliotroplsm will be afforded, as the aerial roots will be found to 
grow away from the window and turn towards the room. 

For more exact investigation of heliotropic movements it is neces- 
sary to be able to control more accurately the source and direction of 
the light. This can bo best accomplished by placing the plants in a 
room or box, lighted from only one side by means of a narrow opening 
or by an artificial light. It then becomes apparent that the direction 
of the incident rays of light determines the heliotropic position ; every 
alteration in the direction of the rays produces a change in the posi- 



¥ia. i>02. — Hkliotropic curvature of a m-edlin^ of fiuiittm resulhiiK fiom otm-Mided illumina- 
tion ; in 1 the ajH>x is in a line with the direction of Hit? the leaves at right ungloM to ft ; 

in 2, with the illumination from the <>p]H>aitc direction, the same plant has tjuickly changed the 
position of its apex, while the cotyledons are only beginning to assume their heliotropie 
jKinition. (Somewhat enlarged.) 


tion of the heliotropic organs. The apical ends of positively heliotropie 
organs will be found to Like up the same direction as that of the rays 
of light. 

Tho exactness with which this is done is illustrated by an experiment made 
with Pilobolus crystal! inns. The sporangiophores of this Fungus are quickly 
produced on moist horse or cow dung. They are positively heliotropie, and turn 
their dark sporangia towards the source of light. When ripe these sporangia are 
shot away from the plant, and will be found thickly clustered about the centre of 
the glass covering a small aperture through which the light has been admitted ; a 
proof that the sporangiophores wire all previously pointed exactly in that direction ( 72 ). 

I ■ ' 1 

Upon closer investigation of the manner in which the positive 
hkliotropic curvature of an organ is accomplished, it is found that 
| THE SIDE TURNED TOWARDS THE LIGHT GROWS MORE SLOWLY, THE 
SIDE AWAY FROM THR LIGHT MORE RAPIDLY THAN WHEN ILLUMINATED 
FROM ALL sides. Thi* may be readily shown by previously marking 
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with Indian ink regular intervals from one to two millimetres apart 
on the opposite sjcLs of the organ. After the curvature has taken 
place the intervals between the marks will be found to be much 
farther apart on the shaded,,si<Je than on the side turned to the 
light. As compared with the elongation under normal conditions 
of growth, the marks on the illu&irtatecl side have remained nearer 
together, while those on the shaded side have drawn farther apart ; 
that is, the growth in the case of a positive heliotropic curvature has 
been retarded on the illuminated side and promoted on the shaded 
side, it also becomes evident, from observation of the ink- marks, 
THAT CURVATURE TAKES PLACE ONLY IN THE PORTIONS OF STEMS 
k STILL IN PROCESS OF UKOWTH, AND THAT THE CURVATURE IS GREATEST 
\AVHEUE THE GROWTH IS MOST VIGOROUS (Fig. 202). 

JjHt was formerly believed that the. increased growth of the shaded side was pro- 
duced by the beginning of etiolation, and that the diminished growth on the illumin- 
ated side was due to the »< larding of lee t which light exerts upon growth in length 
(p. 234). Other heliotropic phenomena were found to be at variance with this 
explanation of heliotropism. Unicellular perfectly transparent Fungus hypbije are 
also subject to positive heliotropie curvature, although in this instance there can 
be no shaded side ; cm the contrary, the side of a hypha turned awav from the 
light is 8j»ecially illuminated on account of the retraction of the light rays. The 
fact, too, that negative lidiotropiu curvature* also take place renders it evident that 
heliotropism cauuot be due to one-sided etiolation; for in negative heliotropism 
tlie side most directly illuminated is the one that grows more rapidly, although 
the retarding effect of light on the normal growth in length of negatively heliotropic 
organa is equally operative (roots, rhizomorpha). 

It is evident from these considerations that it is not the difference 
in the intensity of the light which causes the heliotropic curvatures, 
hut the direction in which the most intense light rays enter the organs. 
Light aits as a motory stimulus when it penetrates an organ 

IN ANY OTHER DIRECTION THAN THAT WHICH CORRESPONDS WITH THE 
POSITION OF HKLIOTROPJC E^t lURRll'M 

The heliotropic curvatures are most strongly produced, just as 
in the case of the heliotaetie movements of freely moving swarm- 
spores, by the blue and violet rays, while red and \ellow light exerts 
only au extremely slight influence, or none at all. It is due to the 
fact that the red yellow and blue- violet rays are always present 
together in daylight, that the heliotropism of the leaves is of advantage 
to their assimilatory activity. Intermittent illumination has a more 
jtowerful effect on the plant than light of uniform intensity. 

Sensibility to heliotropie influences is prevalent throughout the 
vegetable kingdom. Even organs like the roots of trees, which ai*e 
never tinder ordinary circumstances exposed to the light, often exhibit 
heliotropie irritability. Positive heliotropism is the rule with aerial 
vegetative axes. Negative heliotropism is much less frequent ; it is 
observed in aerial roots, and sometimes also in climbing roots (Ivy, 
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fiats stipulate , Begonia scandens ), in the hypocotyl of germinating 
Mistletoe, in many, but not all, earth roots ( Simp is, Helimthus ), in 
tendrils (chiefly in those with haptera or holdfasts), and in the stems 
of some tendril -climbers. By mea?is of their negat ive heliotropic 
character, the organs for climbing and attachment turn from the light 
towards their support, and are pressed firmly against it. 

Negative heliotropic curvatures are occasionally produced, not in the region of 
most rapid growth, but in the older and more slowly growing portions of the stem. 
The sterns of Tropaeolum mqjus, for example, exhibit positive heliotropic curvatures 
in the region of their greatest elongation ; but lower down the stems, with the 
retardation of their growth, they become negatively heliotropic. 

Transverse heliotropism is confined almost solely to leaves and 
leaf-like assimilatory organs, such as Fern prothallia and the thalii of 
Liverworts and Algte. In these organs transverse heliotropism, in 
conformity with its great utility for assimilating, predominates over all 
other motory stimuli. Thus it is possible to cause the leaf-blades of a 
Malva or a Tropaeolum to turn completely over by illuminating their 
under surfaces by means of a mirror. 

In too bright light the transverse position of the leaves becomes changed to a 
position more or less in a line with the direction of the more intense light rays. 
In assuming a more perpendicular position to avoid the direct rays of the mid-day 
sun, the leaf-blades of Lactuca Scar Lula, and the North American Si/phrum htcinia- 
Cum necessarily take the direction of north and south, and so are often referred to 
as compass plants. (As regards the vertical position of phyllodes, in connection 
with which may he mentioned the vertically -placed leaves of many Myrtaccar, and 
Profcaodc, see p. 193) 

The heliotropic character of organs may change through the activity 
| of e'xt^ial influences, and also at different stages of their development 
and growth. The youngest portion of the shoots of Ivy and Tropaeolum 
are positively heliotropic, while the lower and older portions turn away 
from the light. The, Hnwer-stalks of Unarm eymbalaria are at first 
positively heliofcropie. After pollination, however, they become 
negatively heliofcropie, and as they elongate they push their fruits into 
the crevices of the walls and rocks on which the plant grows. 

The intensity of the illumination has a great influence since plants, 
which in subdued light arc positively heliotropie, exhibit negative , 
heliotropism when the illumination is excessive. Between the two 
reactions a neutral aheliofcropic condition exists. OLTMANN8, who 
elucidated this variation of the reaction with the intensity of the light, 
and the search for an optimal intensity which is connected with it 
(tf. hcliotaetic swarm -spores, p. 241), termed it PHOTOMETRY. It 
remains to be noted that it is not so much the absolute intensity of the 
light which is of importance, but that the degree of change in light 
intensity needed to alter the reaction of the plant depends on the 
illumination to which the latter has been previously exposed ( n ). 
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B. Geotropiam 

That the stems of trees and other plants should grow upwards and 
their roots downwards, is such a familiar occurrence and so necessary 
for the performance of their respective functions as to seem almost a 
matter of course. Just as in the discovery of gravitation, it required 
an especially keen spirit of inquiry to lead to the investigation of 
this everyday phenomenon. The fact that everywhere on the 
earth, even on the sides of the steepest mountains, stems take a 
perpendicular direction ; and that, while buried in the earth, this same 
direction is assumed with certainty by geimiriating seeds and growing 
shoots ; and chiefly the fact also that a shoot, wheil forced out of its 
upright position, curves energetically until it is again perpendicular, 
led to the supposition that the cause of these phenomena must be in a 
directive force proceeding from the earth itself. The correspondence 
in the behaviour of a stem in always assuming a perpendicular position, 
with the continued maintenance of the same direction by a plumb-line, 
suggested at once the force of gravitation, and the English investigator 
KNJLUliT, in I8U9, demonstrated that the attraction of gravitation, in 
fact, exerted an influence upon the direction of growth. As Knight 
was not able to nullify the constantly operative influence of gravity 
upon plants and so directly prove its influence, he submitted them to 
the action of centrifugal force- -an accelerative force operating like 
gravity upon the masses of bodies, and which had, in addition, the 
advantage that it could be increased or diminished at will. Knicjht 
made use of rapidly rotating, vertical wheels, upon which he fastened 
plants and germinating seeds in various positions. The result of his 
experiments was that the sterns all turned towards the centre of the 
wheel and the roots directly away from it. On wheels rotating in a 
horizontal plane, where, in addition, to the centrifugal force, the one- 
sided action of gravitation was also still operative, the shoots and 
roots took a definite middle position ; the shoots and roots still grew 
in opposite directions, but their line of growth was inclined to the 
plane of rotation, at an angle dependent upon the rotating velocity. 
The position thus assumed was evidently the result of the combined 
potion of the centrifugal force and gravity, which was manifested in 
the directions taken by the plants according to their comparative 
strength and respective influence on growth. In this way it was posi- 
tively ascertained that terrestrial gravitation determines the positions 
of plant organs in respect to the earth ( 75 ). 

litter, it was also shown that not only the perpendicular direction 
of stems and primary roots, but also the oblique or horizontal direction 
taken by lateral branches, roots, and rhizomes, is due to a peculiar 
reaction towards the force of gravitation. 

The property of plants to assume a definite position with respect 
to the direction of gravitation is termed GKOTROPISM. It is customary 
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also, as in the case of heliotropism, to speak of positive and negative 
geotropism, diageotropism, and transverse geotropism, according to 
the position assumed by the plant or organ with respect to the centre 
of the earth. Still another form of geotropic irritability, lateral 
geotropism, renders possible the winding of stem-climbers. 

Negative Geotropism. — All vertically upward growing organs, 
whether stems, leaves ( Liliiflomc ), flower-stalks, parts of flowers, or 
roots (such as the respiratory roots of Avicennias, Palms, etc.), are 
negatively geotropic. In case such negatively geotropic organs are 
forced out of their upright position, they assume it again if still capable 
of growth. As in heliotropism, GEOTROPIC CURVATURE RESULTS FROM 
THE INCREASED GROWTH OF ONE SIDE AND THE RETARDED GROWTH 
of the opposite side ; and the region of greatest growth is, in general, 
also that of the greatest curvature. In negatively geotropic organs, 
growth is accelerated on the side towards the earth : on the upper side 
it, is retarded. In consequence of the unequal growth thus induced, 
the erection of the free -growing extremity is effected. After the 
upright position is again attained, the one-sided growth ceases and the 
organ continues to grow in an upward direction. 

The process of negative geotropic movement is dependent : (1) upon the vigour 
of tho existing growth; (2) upon the sensibility of the organ; (3) upon the fact 
that the stimulus of gravity works most energetically when tho apex of the ortho- 
tropic organ is removed about 135° from its position of geotropic equilibrium ; 
the more nearly the zone capable of curvature approaches this position, tho 
stronger is the motorv stimulus; (4) and, also, upon the fact that after a stimulus 
has ceased to act upon a plant, the induced stimulation continues to produce so 
called a ft Kit effects, just as by a momentary stimulus of light an after- perception 
}a*rsists in the eye. 

These considerations determine t in* actual course of the directive movement of 
geotropism, which, as will be seen from the adjoining figure (Fig. 203), does not 
consist tin rely of a simple, continuous curvature. The numbers 1-10 show, dia* 
giammaticilly, different stages in the geotmpic erection of a seedling growing in semi- 
darkness and placed in a horizontal position (No. 1). The growth in tho stem of 
the seedling i» strongest just below the cotyledons, and gradually decreases towards 
the base. The curvature begins accordingly close to the cotyledons, and proceeds 
gradually down the stem until it reaches the lower, no longer elongating, portions. 
Through the downward movement of the curvature, and partly also through the 
after-effect of the original stimulus, the apical extremity becomes bent out of the 
perpendicular (No. 7), and in this way a curvature in the opposite direction takes 
place. Thus, under the influence of the stimulus, the stem bends backwards and 
forwards, until, finally, the whole growing portion becomes erect and no longer 
subject to the one-sided action of the geotropic stimulus. 

Positive Geotropism, on the other hand, is observable in tap-roots, 
in many aerial roots, and in the leaf sheaths of the cotyledons of many 
monocotyledons which penetrate the earth during germination. All 
these organs, when placed in any other position, assume a straight 
downward direction and afterwards maintain it. Formerly, it was 



BOTANY 


believed that this resulted solely from 
7 their weight and the pliancy of their 
tissues. It is now known that this U 
not the case, and that positive geotropic, 
like negatively geotropic movements, are 
possible only through growth. The power 

3 of a downward curving root-tip to pene- 
trate mercury (specifically much the 

4 heavier), and to overcome the resistant 
pressure, much greater than its own 
weight, proves conclusively that positive 

s heliotropism is a manifestation of a vital 
process. Positive geotropic curvature is 
s due to the fact that the growth of 

AN ORGAN JN LENGTH IS PROMOTED ON 
THE UPPER SIDE, AND RETARDED, EVEN 
7 MORE STRONGLY, ON THE SIDE TURNED 
TOWARDS THE earth. A young germinal 
9 root of Costnnm Vesni, growing vertically, 
elongated equally on all sides 20 mm.; 
when placed horizontally, it exhibited a 
* growth of 28 mm. on the upper and of 
only 9 mm. on the lower side. Pig. 204 
to illustrates the way in which the curva- 
ture takes place in the case of a root of 
the Broad Bean, which was marked at 
u regular intervals with Indian ink and 
placed horizontally. 

?2 Dlageotropism. — Most lateral branches 

and roots of the first order are diageo- 
f9 tropic, while branches and roots of a 

higher order stand out from their parent 
organ in all directions. Diagkotropio 

r* ORGANS ARE ONLY IN A POSITION OF 

EQUILIBRIUM WHEN THEIR LONGITUDINAL 
n AXES FORM A DEFINITE ANGLE WITH THK 
LINE OF THE ACTION OF GRAVITY. If 
forced from their normal inclination they 
kul t t m return to it by curving. A special in- 

«r K.Hrtn.j.u- Tiu* stance of diageotropism is exhibited by 

tipu™. i • to. itidirftto Htiro-sHivo strictly horizontal organs, such as rhizomes 

1 ‘ n < 1 8tolons - ' whieh show a strictly TEAMS- 
i. huriKiiiiutiiy; a t k;. vrr- verse gkotropism, and, if removed from 
tie*i. Fonii>scri|itionuf »i.tmiwi>- their normal position, their growing tips 
»t«* hp*> (Din^raniniatK*.) a ] wa y S return to the horizontal. A more 
complex form of geotropic orientation is manifested by dorsiventral 
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organs, e.g. foliage leaves, zygomorphic flowers. All such dorsiventral 
organs, just as radial organs that are diageotropic, form a definite 
angle with the direction of gravity, but are 
only in equilibrium when the dorsal side is 
uppermost. If, in spite of the proper inclina- 
tion of the longitudinal axis, the dorsal side 
should lie underneath, it elongates until it comes 
back again into a dorsal position. 

A state of torsion often results from the orientation 
movements of dorsiventral organs to recover from ab- 
normal positions. Similarly, a torsion must also, of 
necessity, occur when a geotropic organ, which has be- 
come curved over toward its parent a\is, turns itself 
about so as to face outwards (kxotroimsm). The rota- 
tion of the ovaries of many Orch idaceae , of the ilowers 
of the Label iacrae , of the leal-stalks on all hanging or 
oblique branches, of the origin Jly revtised leaves (with 
the palisade parenchyma on the under side) of the 

Ahtrocmcrbtf, and of Allium uranium, ah afford familiar j <<u , „ ()| q,. 0 i ropic curva- 

examples of torsion regularly occurring in the process of tun he root of a seed ling 
orientation (* b ). <-/o /•'«&»<. /. I’luoed 



Stem -Climbers. — In addition to the better- 
known forms of geotropism already mentioned, 
stem -climbers exhibit a peculiar and only 
recently recognised geotropic movement, bv means of which they are 
enabled to twine about upright supports. This movement depends 
upon the geotropic promotion of the growth of one side (not, as in 
negative or positive geotropism, of the upper or lower portions). 
Thus a geotropic curvature in a horizontal plane is produced (LATERAL 
oKoTRorisM), resulting in a revolving motion of the shoot apex. 
Stem-climbers occur in very different plant families ; and although an 
upward growth is essential to their full development, which they do 
not attain if left on the ground, their stems arc not aide of themselves 
to maintain an erect position. The erect stems of other plants, which 
often secure their own rigidity only through great expenditure of 
assimilated material, are made use of by stem-climbers as supports, on 
wdiieli to spread out their assimilatory organs in the free air and light. 
The utilisation of a support produced by the assimilatory activity of 
other plants is a peculiarity they possess in common with other 
climbers, such as tendril- and root-climbers. Unlike them, however, 
the stem-climbers accomplish their purpose, not through the use of 
lateral clinging organs, but by the capacity of their main stems to 
twine about a support. The first internodes of young stem-climbers, 
as a rule, stand erect. By further growth the free end curves 
energetically to one side, and assumes a diageotropic, *tnore or less 
oblique or horizontal position. At the same time the inclined apex 


mtully ; 11 , nfler 

hours; ///, after 
i uenty-three hours; Z, a 
index. (After SS aohh.) 
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begins to revolve in a circle either to the right or to the left. This is 
the movement winch it has been customary to speak of as “revolving 
nutation,” but which it is better to term revolving movement. The 
expression “ nutation ” is not in this case correct, as by it are under- 
stood autonomic movements ; while the revolving movements of 
STEM-CLIMBERS RESULT FROM THE EXTERNAL SIM ULUS OF GEOTROPISM, 
which causes a promotion of growth in either the right or left side of 
the young internodes of the inclined shoot apex. As a result of this, 
a movement towards the other side is induced. On account of the 
direct connection* of the apex of the shoot with the lower erect inter- 
nodes, this revolving movement necessarily gives rise to a similar 
rotation of the revolving apex on its longitudinal axis. Through this 
rotation the torsion, which would otherwise be produced by the re- 
volving movement of the inclined tip of the shoot, is released. (This 
process will at once become apparent by imitating the movement with 
a rubber tube.) Thus the apex of a stem-climber sweeps round in a 
circle like the hand of a watch, and routes at the same time like the 
axle to which the hand is attached. Through this rotation of the 
shoot apex, the part of the stem subjected to the action of the lateral 
geotropism is constantly changing ; and the revolving movement once 
begun, must continue, as no position of equilibrium can he attained. 

Without the constant ami unchanging action of gravitation in determining the 
direction of the revolving movement, the twining of a 
shoot continuously about a support is hardly conceivable. 
It is accordingly not without reason that the revolving 
movement is a continuous, fixed, geotropic movement, and 
not an autonomic nutation without definite directive force. 
Lateral geotropism is a physiological requisite for the 
climbing, and the existence of stem-climbers as such is 
dependent upon this peculiar form of geotropism ( 77 ). To 
this dependence, however, is also due the fact that stem- 
climbers can only twine about upright or slightly inclined 
supports. This is, it is true, a limitation to their power 
of climbing, but one which is not without advantage, for 
the plants are thus constrained to ascend to freer light 
and air. 

When an upright support occurs anywhere 
in the immediate neighbourhood of the apex of 
a climbing shoot it is sure to be discovered. 
The apical extremity, the movement of which 
is but little disturbed by the leaves, which re- 
hy**hoMt.*i q, wmi main for a long time undeveloped, is forced by 
Jilteni1 geotropism against the support, and 
by its next revolutions twines around it. If 
the support he thin, the coils, at first almost horizontal, are only loosely 
wound about it. Later they become more spiral, and so wind more 
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tightly. This is accomplished by the ultimate predominance of nega- 
tive geotropism in the coiled portions of the stem, which tends continu- 
ally to draw out the coils and make the stems upright. This action of 
negative geotropism is well shown in the case of shoots which have 
formed free coils without a support (Fig. 205). By the resistance 
offered by the supports to the complete elongation of the spiral stems, 
the shoots are held firmly in position. In many twining plants the 
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roughness of their surfaces (due to hairs, bristles, hooks, furrows) also 
assists in preventing the shoots sliding down their supports. The 
autonomic torsion arising in tin* older portions of the steins is also of 
assistance in holding climbing plants, especially those with furrowed 
stems, tightly wound about their supports. The twining of stem- 
climbers, as well as the attachment to their supports, is thus due to 
geotropic processes of growth, and not, as in tendril-climbers, to contact 
stimuli. 
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In addition to the autonomic torsions, a torsion from purely mechanical causes 
is necessarily manifested in the elongation of the coils of a twining stem which arc 
at first nearly horizontal, so far at least as it is not equalised by the free movement 
of the apex. 

The direction of the revolving movements, and accordingly also of the windings, 
of most stem -climbers is constant. The twining stems are for the most part 
siniktuor.sk {Convolvulus, I'haseolus, Phurbitis , etc.). Seen from above, the wind- 
ings run from the north towards the west ; that is just the reverse of the movement 
of the hands of a watch. Viewed from the side, the windings ascend the support 
from the left below to the right aliove (Fig. 206). Pkxtroksk stem-climbers with 
windings from oaafc to west occur less frequently (Hop, Honeysuckle, Polygonum 
Convolvulus, etc.). In the example chosen for illustration { Myrsqihylluni asjtara- 
go teles, Fig. 207) the undeveloped condition of the lateral members in comparison 
with the elongated internodes of the stem is very apparent. A very few plants, 
such as Ittunir nbnc.h in later ilia, Ifibhertia ilentotu, and Scyphu ntus. seem able to 
^i'limh equally well either to the right or to the left. A similar irregularity is 
shown in Solan inn hnlcamura, which, however, rarely winds, and then only under 
special circumstances. 

When the apex of a sinistrorsc shoot points towards the north, it is the east 
side of which the growth is promoted by geotropism : in dextrorse climbers, on the 
contrary, the growth of the west side is more ivipii!. From the fact that the 
promotion of growth occurs always on the same side, it will be apparent that the 
apex of an inverted twining stem must unwind from its support. (Concerning the 
behaviour of stem-climbers on the Klinostat compare p. 26:5 (“*,. 

Curvature of Grass - Haulms. — All tin* examples of geotropie 
movements, so far observed, took place in the growing portions of 
plants, and, whether occurring in unicellular 
or multicellular organs, were due to a dis- 
turbance of the course of growth. A curva- 
ture even of ligttified twigs can also be 
produced by the one-sided stronger growth 
of the cambium and of the young secondary 
tissues. Even many -year-old branches of 
Conifers are all able, although slowly, to 
exhibit geotropie curvatures ( 7!) ). The 

NODES OF GRASSES SHOW THAT BESTING 
TISSUES At. SO CAN UK EXCITED To NEW 
GROWTH BY THE STIMULUS OF GRAVITATION. 
The knot- like swellings on the haulms of 
the (i rasses are not nodes in a morpho- 
logical sense, hut are cushion-like thicken- 
ings of the leaf-sheaths above their actual 
insertion on the shoot axis. The part of the stem thus enveloped 
is very tender and flexible. When a grass-haulm is laid horizontally, 
which not unfrequently occurs through the action of the wind or 
rain, the nodes will l>egin to exhibit an energetic growth on their 
lower sides. As the upper sides of the nodes take no part in the 
growth, but are instead frequently shortened through pressure and 
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loss of water, knee-like curvatures are formed at the nodes, by means 
of which the haulm is again quickly brought to an erect position 
(Fig. 208). 

Modifications in the character of the geotropism, as of the helio- 
tropism, of an organ may be occasioned by the operation of internal 
as well as external influences. Such changes in their geotropic 
position frequently occur, as Wm httmj lias demonstrated, during the 
development of flower-buds, flowers, and fruits (buds and flowers of 
I'ojwnr, flowers and fruits of Ay it He gin, Jh’Iphivitun, Aconitum , and 
in the burial of the fruit of Trifolium mbterruneuuu A radii* hjpogaea , 
etc.). Of the changes in the geotropic conditions of plant organs due 
to external causes, those are particularly noticeable which result from 
a failure of a sufficient supply of oxygen, by which, for example, roots 
and rhizomes are made negatively geotropic. And e\en more im- 
portant are the modifications arising from the action of light, by 
which the geo tropic irritability of rhizomes and foliage leaves may 
be so modified or weakened as to permit of more advantageous 
h el i o t r opi c posi ti on s. 

C. Jhfi/roirojiism , ( 'aloritrnjriMn, 1% rut"fh>j>i*m, d<\ 

Whenever any external force or substance is important to the 
vital activity of a plant or any of its organs, there will also be found 
to be developed a corresponding irritability to their influences. Roots 
in dry soil are diverted to more favourable positions by the presence 
of greater quantities of moisture. Tlie force of this posmVK HYMto- 
TiuH’isM may be .*o great as to overcome the geotropic equilibrium of 
the roots, and thus give rise to hydrotropic curvatures. Conversely, 
the sporophorcs of many mould Fungi avoid moisture. To this pro- 
perty is due the fact, so advantageous for the distribution of the 
spores, that their spornngiophores grow directly away from a moist 
substratum. Corre>]»onding to the chemotuctie irritability of Bacteria 
and spermato/.oids, roots, fungus hyphae, and pollen tidies exhibit 
positive and negative rnh\|im?oi»ir 'TKVATUtKs. These vary ac- 
cording to the concentration of the solution, so that an attractive 
substance, at a higher concentration, may act repulsively. TllKKMo- 
TKonsM (due to the stimulus of heat), Riikotkopism (occasioned by 
the direction of water currents), and Akkotkopism, a form of chemo- 
tropism, are additional phenomena, which have been distinguished as 
arising from the special action of external stimuli, and which stand in 
direct relations to certain vital requirements of plants ( so ). 

J» the case of f.le< ti:oi*js\i, which Ire al»o been demonstrated in plants, no 
siirh essential relations have been discover'd ; the disposition of plant organs in a 
direction contrary to that of an electric current *c*niH in no way to affect their 
growth. The fact of the exisTme e of »*lectropism in plants shows clearly that an 
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irritability may lie present, from which no direct benefit is ordinarily derived, and 
which accordingly ‘•uld not have been attained by natural selection. 


I). The Method of Slow Rotation — The Klinostat 

All the curvatures of growth previously discussed have been in- 
duced by the one-sided jaction of stimuli, the source of which determined 
the direction of the movements as well as the position of equilibrium. 
An influence operating equally on all sides is unable to produce a 
curvature in an organ of which the irritability is equally developed on 
all sides. In like manner no curvatures can take place when the plant is 
uniformly rotated, with a velocity sufficient to preclude the continuous 
operation of a stimulus on any one point long enough to occasion a 
one-sided growth. As in that case, no one side will be exclusively 
acted upon, hut the growth of all will be equally promoted or rotarded ; 
the action of external influences, although exerted in only one direction, 
will be equalised. On this account the “ method of slow rotation,” 
originally instituted by Sachs, is of great assistance in the observation 
and investigation of the phenomena of movements. By means of it, 
heliotropic movements due to one-sided illumination may he prevented 
without the necessity for either exposing the plants to the injurious 
effects of continued darkness, or providing for an equal illumination on 
all sides. This method is, moreover, of especial value in investigating 
the movements due to the action of gravitation, for it is not possible 
to exclude its influence, as it is those arising from light, definite 
temperature, oxygen, etc. 

When plants auk slowly rotated on a horizontal axis, the 

ONE SIDED ACTION OF GRAVITATION IS ELIMINATED AND GEOTROPIC 
curvature is THUS prevented in organs which react equally on 
all sides. The rotations are best produced by the KLINOSTAT, 
an instrument by means of which an exactly horizontal axis is rotated 
by clock-work ( 81 ). That geotropic curvatures of radial organs 
are, in fact, precluded by means of the klinostat, furnishes a re- 
markable corroboration of the result of Knight’s experiments, and 
may also he regarded as a further proof that such curvatures are due 
to terrestrial gravitation. Through the equalisation of the action 
of external directive influences, radial portions of plants exhibit on 
the klinostat only such movements as arise from internal causes. 
The most important of these autonomic movements are those resulting 
in epinastic and hyponastie curvatures (p. 248), and the retrogression 
of recently formed paratonic curvatures through longitudinal extension 
(autotropism). 

Such autonomic movements should not be confused with those exhibited by 
dorsiventral organs on the klinostat, in consequence of the unequal irritability 
of their different sides. Through the special irritability of the dorsal side of 
foliage leaves and zvgomorphie flowers, it is during their rotation more strongly 
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acted upon by geotropie influence than the ventral side ; as a result of this curva- 
tures are produced which so closely resemble those resulting from epinasty that 
they were for a long time actually considered as such. When stem-climbers are 
rotated on the klinostat, their revolving movement ceases, the part of the stem 
capable of growth unwinds and straig a ten; , and afterwards exhibits only irregular 
nutations. 


E. Cunvf mrs induced hij Contact Stimuli 

The, protoplasm of plants, like that of animals, exhibits an irrita- 
bility to contact, whether momentary or continuous. This is apparent, 
not only from the behaviour of the naked protoplasmic bodies of 
spermatozoids, swarm-spores, plasmodia, and amoeba?, but also from 
the reactions manifested by walled cells and by whole organs, the 
functions of which may be so disturbed by the action of mechanical 
stimuli that death ensues. 

The almost universal irritability of vegetable protoplasm to mechani- 
cal stimulation is utilised by a number of plants for the production of 
movements which lead to their ultimate attachment to the irritating 
body. Tendril-climbers, in particular, have developed this irritability 
to contact stimuli as a means of attaching themselves to supports (cf. 
p. 66, Fig. 09) ; and in that way are enabled to elevate their assimilat- 
ing and also their reproductive organs into more favourable situations. 
In the case of twining plants which possess similar powers of climbing, 
the process of elevation, as has already been shown, is accomplished 
by means of the geotropic irritability of the stems themselves. In 
the ease of tendril-climbers, on the contrary, the attachment to the 
support is effected, not by the main axis of the plant, but by lateral 
organs of different morphological character. These may either main- 
tain, at the same time, their normal character and functions, or, as is 
usually the case, become modified and as typical tendrils serve solely as 
climbing organs. From the researches of C. Dakwin and MagIIougal 
\it appears that contact with the support causes the cells of the touched 
•side to shorten elastically owing to loss of water, while the growth of 
those on the opposite side continues ( S2 ). As a result of this, a sharp 
curvature of the tendril ensues, which coils it about the support. The 
more slender the tendrils and the stronger their growth, the more 
easily and quickly this process occurs. Through the tendency of the 
curvature to press the tendrils more and more firmly against the 
support, deep impressions are often made by them upon yielding 
bodies, soft stems, rubber tubing, etc. 

In the more typically developed tendrils the curvature does not 
remain restricted to the portions directly subjected to the action of 
the contact stimulus. Apart from the fact that, in the act of coiling, 
new* portions of the tendrils are being continually brought into contact 
with the support and so acted upon by the stimulus, the stimulation to 
curvature is also transferred to the portions of the tendril not in 
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contact with the support. Through the action of the propagated 
stimulus, not only i« the free apex of the tendril turned more quickly 
around the support, but a tendency to curvature is imparted to the 
portion of the tendril >>etween the support and the parent shoot. As 

it extends between two 
fixed points, this tendency 
causes it to coil spirally, 
like a corkscrew. With 
the spiral coiling, a torsion 
is produced, and since, on 
account of the fixed position 
of tlie two end points, it can- 
not be exerted in one direc- 
tion only, the spiral, for 
purely mechanical reasons, 
coils partly to the left and 
partly to the right. IN >ints 
ok HKVKliSAL (/) thus occur 
in the windings which, in 
equal numbers to the right 
and to the left, equalise 
the torsion (Fig. 209). 
Through the spiral coiling 
of the tendrils the parent stem is not only drawn closer to the sup- 
port, but the tendrils themselves, through their cun>cqucnt elasticity, 
are enabled to withstand the injurious efforts of a sudden shock. 

Advantageous changes also take place in the anatomical structure 
of the tendrils after they are fastened to the supports. The young 
tendrils, after their elongation, exhibit active nutations, and thus the 
probability of their finding a support is enhanced. During this time 
they remain soft and flexible, while the turgor rigidity of their apices 
is maintained only by eollenehyma. In this condition they are easily 
ruptured, and have but little sustaining capacity. As soon, however, 
as a support is grasped, the eoiled-up portion of the tendrils thickens 
and hardens, while the other part lignifies, and heroines so strengthened 
by selerenohyniatous formations that the tendrils can finally sustain 
a strain of many pounds. When the tendril* do not find a support 
they usually dry up and fall off, but in some cases they first coil them- 
selves into a spiral. 

Tin* tendrils of many plants > Cfltwii, (.'Vs* ms' aro initahle on all sides ; others, 
on the contrary, on only the lower side (tendrils of (V mWoMoo,- ami others with 
hooked tips. ; while others possess extremely sensitive thinks Munsia'. In some 
ease* the temhils ipiieklv eoil themselves to the suppoit , flora . Sinjn*, 
Jin/oiiiu): while in other tendrils the supports are very slowly grasped • >'/-■< ih u\ 
IVoO. 

According to Pkkkfkus investigations, it is of great importance to 
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the tendrils in the performance of their functions that they are not 
induced to coil by every touch, but only through CONTACT WITH THE 
uneven surface of solid bodies (as thus adjacent cells become 
unequally affected). Iiain-drop consequently never act as a contact 
stimulus ; and even the shock of a continued fall of mercury produces no 
stimulation ( s3 ). Tendril-climbers are not, like twining plants, restricted 
to nearly vertical supports, although, on account of the manner in which 
the tendrils coil, they can grasp only slender supports. A few tendril- 
climbers are even able to attach themselves 
to smooth walls. Their tendrils are then 
negatively heliotropic, and provided at their 
apices with small cushion -like outgrowths, 
which may either develop independently 
on the young tendrils, or are first called 
forth by contact irritation. Through their 
sticky excretions these cushions become 
fastened to the wall and then grow into 
disc-like suckers, the cells of which come 
into such close contact with the supporting 
wall that it is easier to break the ligui.'iod 
tendrils than to separate the hold fasts from 
the wall. Fig. 210 represents the tendrils 
of A ntjirfrijisis l rif rhii (/ //A inra s isfaas). The 
suckers occur on its young tendrils in the 
form of knots. In A ////WoywA hnlnuna the 
suckers are only produced as the result of 
contact, and the tendrils of this plant re- 
quire thin supports. 

Sometimes, as in tin* ease of 
<jteniuuit *rainf*us( Fig. 211), the leaf-stalks, 
although bearing normal leaf blades, be- 
come irritable to contact stimuli and 
function as tendrils. Of leaf-stalks which 
thus act as tendrils, good examples are 
afforded by Tro/meAm/i, Maannnfin, Solmunii 
jntminoifh ///>.<, etc. The subsequent modifications occurring 
in more perfectly developed tendrils are, not noticeable in the case 
of petiolar tendrils, although the coiling portion of the leaf-stalks 
of Solan am jasminoi'tf** do become strongly thickened and lignified ; 
while the leaf-blades of Cfr mafia, by remaining small for a time, 
enhance the tendril-like character of their leaf stalks, and by bending 
backwards also assist in maintaining the initial contact with a support. 
At other times the midribs of the leaf- blades themselves become 
prolonged, and assume the function of tendrils ( Oloriosa , Littonia , 
Fla tjAi aria). In many species of Fnmaria and Forytlali% in addition 
to the leafstalks, even the leaf -blades of the leaflets twirie around 



1*<m tioii itf a climbing 
slmot of A iiijtt fufivis I'l itt hii ( I'ltis 
inronstmis). Tin* tendrils (II) 
h:t\<! fiiHtmicd themsH v«-s to a 
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slender supports, while the parasitic shoots of Cuscuta (Fig. 186 ) 
are adapted for both twining and climbing. Climbing parts of the 
thallus occur in some Thallophyta (Florideae) ( 84 ). 

F. Curvatures of Growth due to Variation s in Lvjht and Temperature 

The flowers and foliage leaves of many plants exhibit the peculiarity 
that their different sides (the upper and under sides of foliage-leaves and 
leaf -stalks, the inner and outer sides of floral leaves) show an unequal 



growth in response to even transitory and slight variations in tempera- 
ture and in the intensity of light. Whenever, on account of such 
variations, the growth of the under side of a leaf exceeds that of the 
upper side, the whole leaf moves upwards and towards the parent 
axis ; while if the growth of the upper side is the stronger, the leaf is 
depressed. 

Movements of this nature are especially noticeable in flower-leaves, and bring 
alwut the opening and closing of the flower. A rise of temperature causes the 
flower* of the Tulip aud Crocus, and also those of Atiotus, Ornithoyahnn , and 
I'olchinun, to ojk?u, while sudden cooling causes them to close. Tulips and Crocuses, 
if brought, while still closed, into a warm room, ojxm in a very short time ; with a 
difference of temperature of U»°-20 in from two to four minutes. Crocuses 
rcjqxmd to au alteration in temperature of C. ; Tulips to a variation of T - C. 
In warm sunshine the spring or summer flowers are open for the visits of insects, 
hut on a lowering of temperature the sexual organs are covered up and protected. 
The stronger growth of one side occurs in this ease either at the base or up]>er }»art 
of the jx'rianth leaves. 



SECT. II 


PHYSIOLOGY 


267 


The flower -heads of Taraxacum, Lc'wtodon , and other Composites, also the 
flowers of Nympliaea , Cacti , etc., open when illuminated, and el^sc when kept in 
darkness (Fig. 212). 


Variation of light produces also unequal growth in foliage-leaves, 
particularly in those of the 
Ch e nopodwcae , ( Jaryophyl kiceue, 
and Jiahamimceae , and cause 
them to assume so-called sleep 
positions. 



In many instances the movements 
of the floral leaves are produced by 
variations of light as well as of tem- 
perature ; for example, the flowers 
of the Tulip and Crocus open in the 
light and close in the dark, although 
the temperature remains constant. 

In the case of opposing external 
influences, the resulting direction of 
the movement of the flower-leaves is determined by the one which is predominant. 
The dependence of these movements upon different, and often opposing, influences, 
together with the continuance of movements induced by previously operative 
influences, was for a long time a difficult problem, and obscured the discovery of 
their true cause (*•’’). 


Fio til-’. — Flower-head of Lemitoiinn Imstilif closed 
when kept in darkness, open when illui nated. 
(From Dktmkh’s l*wct.) 


These movements, occasioned by variations in the illumination and 
temperature, must not be confused with those of heliotropisni and 
thermotropism; in both of which the movement induced in an organ 
is dependent upon its relative position with respect to the source of 
the light or heat, and not upon the varying intensity of the stimulus. 


3. Movements due to Changes of Turgor (Movements of Irritability) 

The various movements hitherto considered are, to a large extent, 
the result of the action of foreds acting on growth. These move- 
ments were therefore confined to organs, or parts of organs, still in a 
state of growth. In contrast to the almost universal immobility of 
all fully-grown organs, it is particularly interesting to find that some 
plants have found a means of carrying on vigorous movements without 
the assistance of growth. 

It has already been shown (p. 1G4) that through the pressure of 
increasing turgidity the elastic cell walls become greatly distended 
and the cell cavity largely expanded, while, on the other hand, the cell 
walls shrink and the cell becomes smaller when the turgor is diminished 
(Fig. 168). It is to these changes in volume, which thus result from 
alterations in turgor, that the varying movements of fully developed 
living organs are due. 
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Such variation movements occur only in leaves (foliage and flower 
leaves). These movements are especially noticeable in the compound 
leaves of the Leguminosae and Oxnlideae , and also in the leaflets of 
Manilla (a water-fern). In the motile regions of these leaves special 
masses of tissue are, both physiologically and anatomically, adapted 
for the promotion of this form of movement. 

This tissue appears externally as a firm cushion or pulvinus, sharply distin- 
guished from the rest of the leaf-stalk, and is the direct cause of the leaf move- 
ments. Anatomically considered, the pulvinus consists, for the most part, of 
strongly turgescont parenchyma with very clastic cell walls. The vascular bundles 
and mechanical elements, which, in other portions of the loaf-stalk, have an 
approximately circular arrangement, unite in the pulvinus in the form of a single 
flexible strand, and so offer little opposition to the movement of the leaf resulting 
from the curvature of the motile region (of. Fig. 169, /). The parenchyma of the 
pulvinus forms a thick enveloping layer about this axial strand, by means of which, 
through the pressure arising from a difference in the turgesccnce of its opposite 
sides, a movement of the whole leaf-blade is brought about, similar to that of the 
outspread hand by the motion of the wrist. 

These variation movements are either autonomic, when the 
variations of turgor are due to no recognisable external influence, or 
paratonie, when the turgor is regulated in a definite way by the action 
of external stimuli. 

Autonomic Variation Movements. — A remarkable example of 
this form of movement is furnished by the small lateral leaflets of 
Ih's/tmt/hnn {Unhjsanuu) g/inins, a papilionaceous plant growing in the 
damp (hinges plains. In a moist, warm atmosphere (22 -2 5 ) these 
leaflets make circling movements which are in no way disturbed by 
variations in the intensity of the light, and which are of such rapidity 
that their tips describe a complete circle in l-.‘l minutes. The auto- 
nomic variation movements of Trifolium and Oralis take place, on the 
contrary, only in darkness. Thus the terminal leaflets of Trifolium 
jmitmuf exhibit oscillatory movements in the dark with an amplitude 
which may exceed 120", and are regularly repeated in periods of 2-d 
hours ; but on exposure to light the leaflets cease their oscillations and 
assume a fixed light position. 

Paratonie Variation Movements are chiefly induced by variation 
in the intensity of the light, by the stimulus of gravitation, and by 
mechanical irritation (shock, friction), and also, but more rarely, l>v 
variations of temperature. The pulvini of leaves may be affected by 
several different stimuli ; the leaves of Mimosa jwdica, for example, are 
set in motion bv the action of light, and also by the stimulus of a shock, 
and in addition exhibit autonomic movements. 

A change from light to darkness, as from day to night, occasions 
NYtTrnou'ic Muvkmknts, or the so-called sleep Movements. In the 
day or light position, which is the same as that of diaheliotropic 
foliage-leaves, the leaf-blades are perpendicular to the incident rays of 
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light. With the commencement of darkness the leaves or the single 
leaflets fold either upwards with their upper surfaces inward, or down- 
wards with their lower surfaces together, and so remain until the 
diurnal position is again assumed on recurring illumination. The 
VARIATIONS IN TURGESCENCE IN THE OPPOSED HALVES OF THE JOINT 
STAND IN INVERSE RELATION TO ONE ANOTHER; AN INCREASE IN 
TURGESCENCE IN THE LOWER HALF CORRESPONDS TO A DIMINUTION 
IN THE UPPER PORTION, AN1) INVERSELY (*). 

la the peculiarly constructed pulviui of the Marantaceae the side, which becomes 
concave, shortens, according to Deuski, l*y deformation of its cells, as a result of 
increase of turgeseence. 

As sleep movements are also manifested by plants growing in 
tropical climates, where no injuiious nocturnal fall of temperature 
occurs, the purpose of the sleep position suggested by Darwin, viz. 



E) f >. -l'S. -ii'jintn-) t.\ nhoi’itif: diurnal and nuetnrnal position of leaves. 


the protection of the leaves from excessive cooling, does not hold in 
all cases. Stahl seeks it also in the lessening of the formation of 
dew, and the more energetic transpiration of the un wetted leaves 
which would result. * 


Sleep movements are particularly noticeable in Phascohis, Trifotium, JloUnin , 
Awia lopbantha, Amicio zwjouicris (Fig. *21 o), Mimostr purUcrt, etc. 

Too intense light frequently causes the change from the diurnal position, and a 
movement cither towards or away from tin* nocturnal position. The leaflets of the 
common Locust llobinia pst-vAamdu < are folded downwards at night. In ordinary 
dilfuse daylight they assume their diurnal, outspread position ; but, if exposed to 
the direct rays of the mid-day sun, they turn obliquely upwards. In many plants 
ALTERATIONS IN THE INTENSITY OF THE LIGHT CHANGE THE GEOTROI'ISM OF THE 
motile organs ; the sleep movements are then accomplished by the help of geotropic 
variation movements ( Ph<im>1us , Lnjdavs, I s7 ). 

The change from the diurnal to the nocturnal position continues 
for a time to take place, even in constant darkness or prolonged 
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illumination. The leaves themselves seem to have a tendency to 
pass at regular intervals from one condition to the other (p. 237). 
The daily periods are the result of the stimulus imparted by the 
light, the periodic action of which induces the regular changes of 
position. If, however, the external stimulus ceases to operate, the 
internal disposition still continues for some time to give rise to visible 
after-effects, until finally, from the abnormal conditions, an abnormal 
state of rigor (light rigor, dark rigor) and symptoms of disease are 
manifested ( 88 ). 

Only a few plants respond with pronounced variation movements to 
mechanical irritation (shock, friction, injury). Formerly, these alone 




mil, diurnal po-utmn ; to the right, in the position 
mlation : /:, ttiwi*. 

were considered irritable plants, as in the vegetable kingdom only the 
apparent mechanical irritations, from which visible movements resulted, 
were then regarded as stimuli (on organs to receive mechanical stimuli 
cf. pp. 66 and 263). 

Of irritable, plants in this sense, mention has already been made of 
i mnscijntln (p. 215), whose leaves, when touched on the upper 
side, especially if the bristles are disturbed, fold together. The most 
familiar example of this irritability to mechanical stimuli is furnished 
by Mil now pwlioi, a tropical leguminous shrubby plant, which owes its 
name of sensitive plant to its extreme sensitiveness to contact. The 
leaves of this plant are doubly compound (Fig. 214). The four 
secondary leaf stalks, to which thickly -crowded leaflets are attached 
left and right, are articulated by well -developed pulvini with the 
primary leaf -stalks; while they, in turn, as well as the leaflets, are 
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similarly provided with motile organs. Thus all these different parts 
are capable of independent movement, and the appearance of the 
entire leaf becomes, in consequence, greatly modified. In their 
unirritated, light position (Fig. 214, on the left) the leaf -stalk is 
directed obliquely upwards, while the secondary petioles with their 
leaflets are extended almost in one plane. Upon any vibration of the 
leaf, in favourable conditions of temperature (2JT-3CF C.)and moisture, 
all its parts perform rapid movements. The leaflets fold together, 
and, at the same time, move forward, the secondary petioles lay them- 
selves laterally together, while the primary leaf-stalk sinks downwards 
(Fig. 214, on the right). Leaves thus affected, if left undisturbed, 
soon resume their former position. 

The behaviour of the leaves is still more marvellous when only a few of the 
leaflets are acted upon by the stimulus. This is easily demonstrated by holding a 
burning match near the leaflets of one of the pinna*. The. leaflet* directly affected 
by the flame fold quickly upwards, and this movement is performed successively by 
each pair of leaflets of the pinna until tlie articulation with the primary leaf-stalk 
is reached. The stimulation is then conveyed to the other pinna*, the leaflets of 
which go through the same movement in a reverse order; finally, the secondary 
petioles .themselves draw together. Suddenly, when the whole process seems 
apparently finished, the main leaf- stalk in turn makes a downward movement. 
From this leaf tin* stimulus is able to travel still further through the stem, and 
it may thus induce movement in leaves cm. distant. 

The movements of the pul vim’ are due solely to differences in 
turgidity which, as in the case of nyetitropic movements, occur anta- 
gonistically in the halves of the pulvinus. it has been observed that 
a sudden escape of water into the intercellular spaces takes place out 
of the cells of the lower or irritable side of the pulvinus of the primary 
leaf -stalk. According to the recent investigations of Haheklandt, 
the conduction of the stimulus does not appear to be accomplished by 
the movement of the water thus discharged, hut hy the mucilaginous 
contents oi sacs which are situated in the phloem portion of the 
vascular bundles. MacUofgal was, however, unable to induce the 
movements by causing differences in the hydrostatic pressure. The 
position of an irritated leaf resembles externally its sleep or nocturnal 
position, but in reality the turgor tension of the pulvinatc motory 
organ is different. 

Jtohinift, OjmJLs aatoS'Uitj and Biophyhnu (Ostilitlrar) exhibit similar, 
although less active, movements, under the influence of mechanical 
stimuli. 

The state of rigor sometimes occurring in motile organs may also 
he best observed in Mimosa, for, although so sensitive to the action of 
external influences, it does not exhibit its irritable movements at all 
times. Whenever the temperature of the surrounding air falls below 
a certain degree, no movements take place, and the whole plant passes 
into a condition known as cold kigok, while, on the other hand, at 
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a temperature of about 40°, heat rigor occurs. Drought rigor 
is induced, just before withering, by an insufficient supply of water, 
and a DARK RIGOR by a prolonged retention in darkness. In a 
vacuum, or on exposure to hydrogen and other gases — chloroform 
n vapour, etc. — movement also ceases, 

partly on account of insufficient oxy- 
gen, and partly from the actual poison- 
ous action of the gases themselves. If 
the state of rigor is not continued 
too long, the original irritability will 
again return on the restoration of 
normal conditions ( S<J ). 

The movements of irritability exhibited 
by the staminal leaves of some Jirrbrridaceac 
(Heritor is, Malmnia) and Compositor ( Cynarcae 
and ibjnliflorar) bear a certain relation to 
those of foliage leaves. The bow -shaped 
li laments of the stamens of the Compositor 
straighten upon mechanical irritation. As 
they frequently contract 10-20 per cent of 
their length, the style becomes extended 
beyond the anther -tube (lug. 215). The 
ff j reduction in the length of the filaments is 

accompanied by a moderate increase in their 
I«k.. “high flown of f mtuumi ^■j 1 j c .|. uess ( j u< , t} ie e b is tic contraction of the 

jamr with pcruinth reniowU : J, sta- ’ 

mens in normal position; stamens walls, and the consequent expulsion of 

contracted ; e, lower part of tubular water into the intercellular spaces ( { *°). The 
porumth ; n stamens ; o, anther-tube ; stamens of Jlrrhrris and Mahon in are only 
fi. nyl.-; J', (Aftn si . usitivi . to t . OIlta( . t , m tll<! innor sido nmr 

••nlargtHl.) , 

their base, and as their contraction occurs 



only on the inner aide, the anthers are thus brought into contact, with the stigma. 
Examples of variation movements of earpcllary leaves may he seen in the flowers 
of Mi m ulus, Stmhilanthes (Goldfussio), Mart {/via , Tor* mo. and other plants. The 
two lobes of the styles of these flowers fold together when irritated. Similarly, 
in the Mowers of Stiff id ium, a sudden upward movement of the bent style occurs 
when it is irritated by a touch. 


VI. Reproduction 

The life of every plant is of limited duration. Death ensues, 
sooner or later, and the decayed remains form a part of the surface 
soil. All existing plants are descended from ancestral forms. A 
spontaneous generation of new organisms from lifeless matter does 
not, as far as experience teaches, take place, and all existing vegetable 
life owes its existence to the capacity inherent in all organisms of 
reproducing their kind. Reproduction is accordingly a vital power 
which must. l>e exercised by every existing plant species. In special 
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cases, it is true, abnormal forms, sports or monstrosities, are produced 
unlike their parent plants ; but although they grow vigorously and 
develop a strong vitality, they have lost the capability vf giving rise 
to equally strong descendants, or are unable to compete successfully 
with wild plants in the struggle for existence, and consequently would 
soon die out were they not protected and multiplied by artificial 
means. A great number of our cultivated plants belong to this class 
of artificially maintained plant forms. 

It is also evident from the very nature of reproduction that in the 
production of new organisms a process of rejuvenation is continually 
being carried on. 

The formation of independently existing offspring necessitates also 
their separation from the parent plant. The formation of a new bud 
by a tree would never be distinguished as reproduction so long as the 
bud remained in connection with the tree as a part of its life. But if 
the bud became separated from the tree and continued its existence as 
an independent plant, that would constitute a form of reproduction, 
and, in fact, this actually takes place in many plants. 

The conditions of the outer world make the still further demand 
upon reproduction, that from it a multiplication of the species should 
result. As the germs after separation from the mother plant do not 
always find the conditions necessary for their development and so, for 
the most part, perish, the extinction of the whole species would soon 
result if a plant produced but a single germ. That in reproduction 
care is taken for the multiplication of the individual in an almost 
spendthrift manner, is shown by a consideration of the innumerable 
spores produced by a single mushroom, or by the thousands of seeds 
contained in the fruit capsule of an orchid. 

Rejuvenation, separation, and multiplication of the individual 
are accordingly the essential requisites of reproduction. 

These requirements :ue fulfilled by plants in the most varied 
manner. Each great division of the vegetable kingdom has adopted 
its own special method ; and each family and genus, or even the 
different species, are characterised by some peculiar feature of their 
manner of reproduction. Systematic botany is so essentially based 
upon the different development of the reproductive organs and their 
functions, that it consists for the greater part of special descriptions of 
the processes of reproduction in the vegetable kingdom. 

Numerous and varied as these processes are, they are in reality 
but modifications of two different and distinct modes of reproduc- 
tion. 

The simpler of these, or Vegetative Reproduction, consists in 
the formation of cells or cell bodies which, after their separation from 
the parent plant without undergoing any further change, either 
germinate at once, or develop into new organisms after a period of 
rest. This mode of reproduction, in which the growth and develop- 
er 
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ment of the parent plant are directly continued, is also distinguished 
as monogenetic, vegetative, or asexual reproduction. 

In Sexual Reproduction, the second of the two modes of propa- 
gating vegetable life, two kinds of reproductive cells are first formed, 
but neither is directly capable of further development, and both perish 
in a very short time, unless opportunity is given for their fusion with 
each other. Not until one cell (the female) has fully taken up and 
become inseparably united with the other cell (the male), does it 
acquire the capacity of development and growth. This mode of re- 
production is designated sexual or digenetic reproduction. 

The physiological significance of sexual reproduction is not at once 
apparent. In many plants the vegetative mode of reproduction is 
sufficient to secure the necessary multiplication of the species, so that 
plants are able to continue without sexual reproduction. Many 
B'ungi, for instance, are reproduced only vegetatively ; the cultivated 
Banana, many J)mcoreamu\ and varieties of the Grape, ( )range, Straw- 
berry, no longer reproduce themselves sexually, but are propagated 
solely in a vegetative manner. The Garlic, which forms small bulbs 
in place of flowers, the White Lily, and Jinnunnilm Ficaria , which 
reproduces itself by root tubers, are hardly aide to produce good seeds, 
which can, however, be obtained by operative interference, <\<j. on 
separated inflorescences ( iM ). They multiply exclusively by asexual 
methods without suffering any degeneration. Continued reproduction 
by vegetative means used to be regarded as necessarily injurious ( ,>2 ). 

Since monogenetic reproduction is sufficient for the preservation 
of the species, soxual reproduction must answer some purpose not 
attained by the vegetative mode of multiplication, for otherwise it 
would be altogether superfluous that tin; same plant, in addition to 
the vegetative, should also possess the sexual form of reproduction, 
which is so much more complicated and less certain. Even the 
Mould Fungus (Mu cor Mwetlo), whose vegetative spores (conidia) are 
very widely distributed, occasionally develops sexual reproductive cells 
in specially formed sexual organs. 

In many of the lower plants (Alga* and Fungi) it has been shown 
that the development of sexual cells is dependent upon definite ex- 
ternal influences, Klebk has demonstrated, in fact, that it is possible 
by regulation of the external conditions (nutrition, temperature, tran- 
spiration, composition of substratum and of the surrounding medium) 
to induce them to produce at will either lion-sexual swarm-spores or 
sexual cells ( !,:i ). In many plants unfavourable external conditions 
apparently give the impetus to a sexual mode of reproduction. The 
sexual product (zygospores of Alga*, Phycomycetes) seems better able 
than the vegetative germs (swarm- spores of Alga*, conidia) to remain 
a long time at rest, and so withstand the disastrous effects of an 
unfavourable environment. No inference can be drawn, however, 
from the function of the sexual germs in this instance concerning the 
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necessity for the existence of a sexual, in addition to a vegetative, 
mode of ' reproduction ; for in other cases it is the vegetative re- 
productive bodies, as, for example, the spores of Ferns, which are 
especially equipped for a period of enforced rest. 

What makes digenetic reproduction essentially different from 
monogenetic is the UNION OF THE SUBSTANCES OF THE PARENTS AND 
the CONSEQUENT TRANSMISSION AND BLENDING OF THE PATERNAL 
and maternal properties, a point which is especially clearly shown 
in hybrids (p. 287). 

It is in this influence exerted upon the quality that the chief 
difference between sexual and vegetative reproduction is shown. By 
VEGETATIVE REPRODUCTION THE QUANTITATIVE MULTIPLICATION OF 
THE INDIVIDUAL IS SECURED, WHILE BY SEXUAL REPRODUCTION A 
qualitative INFLUENCE is kxerted. The vegetatively produced 
progeny consist of umnixed descendants ; the sexually produced off- 
spring, on the other hand, are the result of a Mending of the parents. 

In vegetative multiplication the complex of properties unfolded in the descendants 
does not as a rule differ from that possessed by the parent form. By vegetative 
multiplication all the varieties and races of cultivated plants, the characters of which 
do not come true by seed, are maintained. Variation may, however, occur among 
the vegetatively produced progeny The occurrence of this may he compared to 
hud-variation, in which a smgh bud on a tree may give rise to a branch deviating 
in colour and form from the type ; such a bud-variation may, years after, return 
suddenly to the characters of the typical form. In the same way variations arise 
among vegetatively produced plants, a remarkable example of which, according to 
1 '*kyi;»:in( K. is afforded by the Bacteria, the reproduction of which takes place ex- 
clusively by diversion into two 

Tin* sexually produced offspring, on the other hand, endowed with the properties 
of the father, an never be identical with the mother-plant but possess the pro- 
portie* of both pan nis. Win n these are divergent they frequently play very 
different parts in the descendants, some characters appearing conspicuously, while 
others Income less mat ki d or remain completely latent. In this way the de- 
scendants d«> not exhibit a uniform mean between the parents, but some may 
resemble the father, others tie* mother. Variations appearing in single individuals 
will, unless they are of an absolutely dominating character, become modified and 
ultimately lost bv crossing with i<rdinar)* individuals. In such a case sexual repro- 
duction tends to maintain the constancy of the species. In other cases, as when 
both parents tend to vary in the same direction, the deviation from the ancestral 
form may he increased by sexual reproduction, as two systems of waves may 
reinforce one another if their periods coincide. 

The great tendency to variation commonly exhibited by hybrids illustrates how 
the equilibrium of the complex of properties of a sexually produced individual is 
affected by divergent parental tendencies. But, even as a result of ordinary fertilisa- 
tion, not only small and readily disappearing variations but sometimes more striking 
ones, in which the offspring differs so strongly from the parents in characters which 
can be inherited, that it appears to be a new species or sub-species, occur. Of such 
petit* s csjKces of l>raba rerna some tw o hundred are known. In such sudden varia- 
tions (which v. Kolmkkr, and with him Korschinhky, term heterogenesis, while 
i)E Vries more recently calls them mutations) these authors seek the starting-points 
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of the origin of new species. Tins would occur when a particular species passes, 
from unknown causes, iuto a period of mutation such as de V hies demonstrated 
experimentally in 'Oemtfhera lamarckiana. Kokschinhky collected a number of 
historical examples of heterogenesis, of which ChclUlonium ladniatum , which 
appeared in a garden at Heidelberg in 1590, and Capsella Hcegcri, Solms, which 
only recently appeared, will serve as examples ( #5 ). 

The experience of cultivators and the recent experimental work on lower plants 
carried out by Klebr show that different groupings of the internal and external 
conditions of life favour reproduction and ordinary growth respectively. In fact 
growth and reproduction appear to be mutually exclusive. 


Vegetative Reproduction 

Vegetative reproduction, tho purely quantitative character of 
which as a mere process of multiplication has been emphasised, exists 
generally throughout the vegetable kingdom, and but few plants, e.g. 
some of the Conifers and Palms, are altogether devoid of it. Men- 
tion has already been made in considering artificial propagation that, 
from the separate parts or single cells, or even from the naked 
energides (Siphomw) of many plants, the regeneration of a new and 
perfect individual may ensue. In vegetative reproduction the process 
is similar except that the separation of the part from the parent plant 
is an organic one, occurring in the natural course of development. 
The vegetative form of reproduction is manifested in various aspects, 
and may be distinguished as a multiplication by means of multicellular 
vegetative bodies (budding), or by single cells (spore-formation). 

Multiplication by Multicellular Vegetative Bodies (Budding) 
often consists merely in the separation of lateral shoots, or in a 
division of a single plant into several. In this way the lateral shoots 
of the Water Fern, A:ollo % through the death ami disruption of the 
older parts of the parent axis, become separated from one another and 
continue their growth as independent plants ; similarly, separate plants 
originate from the vegetative body of the Duckweed {Luma). 

Multiplication by stolons, rhizomes, and tubers results in a similar 
formation of independently existing plants. As may be seen in the 
Strawberry, Potato, Ranunculus irpcus, «*te., the shoots produced from 
many of the axillary buds of the widely outstretched stolons take root 
and form new plants. In cases where the runners themselves eventu- 
ally die, the parent plant becomes finally surrounded by a colony of 
entirely independent plants. Instead of forming runners, the single 
tuber may divide (Cor plat is solirfa), and in this way give rise to two, 
four, or more new tubers. New bulbs are produced in the leaf-axils 
of the bud -scales of bulbs, while brood buds (bulbils, gemmae) are 
frequently developed on aerial vegetative organs. 

Bulbils are found on the inflorescence in the place of the flowers in many species 
of Allium , in the grass /W bulbifcra, and also in I'ohftonum vivipantm. In 
LiHum bulbi/erum , Itentaria bulb if rm, etc., the bulbs in the axils of the leaves are 
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specially constructed with a view to detachment from the parent plant (Fig. 22). 
The swollen leaves contain reserve food material, and fre piently develop roots before 
falling from the plant. In Ranunculus Ficaria the roots of the axillary buds are 
full of reserve food material, and resemble grains of corn. When the plant dies the 
bulbils remain on the ground, and have given rise to the fable of showers of grain. 
Bulbils or genuine are met with also among the Mosses, Liverworts, and Ferns. The 
winter buds of many water plants ( Hydrocharis , Utricularia, Lenina, et«‘.) have a 
peculiar biological significance. They arc formed in the autumn, ami sink to the 
bottom of the water ; in the succeeding spring they rise to the surface and form new 
plants. 

By vegetative multiplication higher plants can annually give rise to individuals 
which are strong and capable of flowering and fruiting. The seedlings of such 
plants, on the other hand, often require to grow for several years before the capacity 
of sexual reproduction is attained ( bulbous plants, Hop, etc.). 

In addition to the instances just cited, in which the vegetative reproductive 
bodies take their origin from points where lateral shoots are normally formed, they 



~1»> -.1 <}>[• n ■ uni F(il>innnin A. jiiiiiii' plant. (/’), with l«*:iv<*s ami root»(U’), 
h..*» sprung fettn tin* l**af (,\f) of the older plant. 

may also appear in places w!n*re no shoots are menially developed. Thus the 
adventitious formations often found on leaves, particularly on the leaf- blades, 
serve the purpose of reproduction. Just as tin* leaves of the Begun ia, after they 
have been cut off, are abb* to give rise to m w plants, in other eases the leaves 
possess tin's power while still growing bn the parent plant. Some Ferns afford 
specially characteristic <•> atopies of this (Asp/eniu m dfeunsuttnn, A. Fafnanutn , 
A. hulbiferum , A. ninjuirum) ; adventitious buds arc produced on their lamintc, 
developing into small rooted plants, which then fall off and complete their develop- 
ment (Fig. 210 >. The adventitious bud* of Cyst opt • ris hulhifera take the form 
of bulbils with small swollen leaves. Adventitious plantlets a?e frequently formed 
also on the leaves of Cardamine pratensis, and Card amine amara manifests a similar 
tendency. One of the best -known examples of such adventitious formations is 
afforded by the leaves of the tropical BryophyUum , in whose marginal indentations 
the brood plantlets develop in great numbers. Genuine are abundantly produced on 
the thallus of many Hejmtieae (Manhunt in , Lunularia ), and by their continuous 
growth the gemma cups (Fig. 320, 6) are always kept well filled. 

A most remarkable instance of adventitious budding sometimes occurs, in which 
adventitious buds, which have arisen in the nucellus of the ovule, grow into the 
embryo -sac, and there develop just as if they were embryos; examples of this 
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phenomenon may be found in Evonymus, Citrus , Funlcia (Fig. 217), Coeleboyync. 
Formerly it was thought that such a polyembryony was due to the existence of 
numerous egg-cells in one embryo-sac ; but Stiiasburgki: has shown, however, that it 
arises from the vegetative formation of adventitious germs. At the same time the 
egg-celi previously existing in the embryo-sac is able to continue its development 

after fertilisation, but is usually pre- 
vented from so doing by the adventitious 
or micellar embryos. The seeds in such 
cases would no longer contain the pro- 
ducts of sexual reproduction, but would 
be degraded to organs of vegetative multi- 
plication. The adventitious germs in 
the polyembryonic seed are, however, so 
far dependent upon sexual reproduction, 
that for the most part they only attain 
their development in case pollination has 
previously taken place ; but in Coclc- 
botjiji.r, one of the Australian Eujihor- 
P X 'flu hitnrur, of which usually only female 

L / N"' ywj j J \N specimens are found in cultivation, and 

/ / / ’ v ' ' /v in /in humph ora Anaya fa according to 

Tm:r»\ and UaL yl»f/os« according to 
IjOTsy ( 1Hi ), the adventitious germs develop 
without the stimulus of fertilisation. 
This plant, accordingly, affords another 
example of aI’ogamy, or of the substitu- 
tion of a vegetative for a sexual mode 
of reproduction, such as occurs in differ- 
ent degrees in certain Ferns, Athyriuiu 
jHic fintimt vur. mstaftun, Attpidium 
faint! an \ Todai afrieana, and Ptrris erdira. In the last-named example the sexual 
organs are no longer formed, although the young plants arise, by a vegetative process 
of budding, from exactly the sanje part of the piothallium where the arohegonia 
would have been developed. In the ease of Aspidhim fih.r unis var. cridatinn the 
apogamy seems to have resulted from cultivation. In a broad sense the development 
of bulbils in the place of flowers, in the species of Alltam , might be considered as an 
example of apogamy. 



Km. *JI7.-- Vegetative formation of embryos m 
Finikin omta ( Hnutii nmiilni) by tin* budding 
of the imeelluH ; //, nucelbis with cells in 
l>roce«H of forming the rudiment s (<«') ol the 
adventitious embryos ; N. syuci^ida* ; K, 
cell, in thelowei tlguru developing into a s**\u- 
ally-i»rodueed embryo. (After Stiiasiiuhoku.) 


Parthenogenesis, or the development of an egg-cell without 
previous fertilisation, might also he viewed as an instance of the same 
phenomenon in plants with more advanced sexual differentiation. In 
Char a criuita parthenogenesis has been positively proven. The female 
plants of this species of Cham are widely distributed throughout 
Northern Europe, and develop normal plants from their egg-cells, 
although the male plants are found only in Asia and in South Europe, 
so that fertilisation could not have taken place. Parthenogenesis is 
also known in some species of proltgnia and Manilla . Juel has 
proved its occurrence in A ntennaria dioica , and Mvkreck in the genus 
Akhemilla (Tribe Fu.- A Chew ilia, A . nlpituiy A. ruhjaris , A. speciosa, 
etc.). In these cases fertilisation is excluded by the complete degenera- 
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tion of the pollen, and the first embryonic divisions take place before 
the flower-bud has opened. More extended observation* will doubtless 
reveal other cases of parthenogenesis ( <J7 ). 

The observation made by Loeb, WlNKLER, Nathansohn, and 
others, that the stimulus to formation of the embryo can be given in 
other ways than by copulation with the male cell is of special interest. 
Loeis found that solutions which withdrew water (MgCL„ other salts, 
sugar, urea) could stimulate the ovum to parthenogenetic develop- 
ment. Winkler used extractives derived from the sperm, while 
Nathans* >hn showed that sometimes a rise of temperature could 
interrupt the resting state of an ovum awaiting fertilisation and lead 
to a parthenogenetic development ( os ). 

Vegetative Multiplication by Single Cells (Spore -Formation). -As in the case 
of multicellular vegetative bodies, multiplication can be effected also through the 
separation of single cells. Strictly speaking, this manner of multiplication actually 
takes place, whenever a division ot the vegetative body occurs in unicellular Bacteria, 
Fungi, and Algte. Cells which ^erve the purpose of vegetative reproduction, and 
have a special form and method of development, are first met with in the higher 
< Yyptogams. They are frequently formed in special organs or receptacles (sporangia, 
eonidiophores, fruit bodies, of. the speeial parti. 

As a Fern-plant oceaMonully aiiscs directly from the tissue of the prothallus 
without the intervention of the sexual act, so also spore formation is occasionally 
omitted, and the prothallus arises vegetatively from the leaf of the spornphyte 
fapospnrv in varieties of Ath yri>- w, Jspidhnn, etc. '. 


Sexual Reproduction 

For the purpose of sexual reproduction two kinds of cells, male and 
female, are produced. Although neither alone is as a rule capable of 
development, the actual reproductive body is formed by the fusion 
into one cell of two such sexually differentiated cells. 

In fertilisation two uninm iente cells fthse, even when the vegetative protoplasts 
are lmiltinueleate. In /Vlwnu Witt, howevei, Stkvkns found that the numerous 
nuclei of the ovum I used with an etjuaf number of sperm nuclei. Probably other 
cases of this kind may be found r* 5 *;. 


In connection with parthenogenesis it was noted above (p. 278) that 
the incapability of further development which characterises the un- 
fertilised ovum may be overcome by other means than copulation with 
the male cell ; Kerbs had already shown this to be the case with the 
gametes of certain Jlmr ( l0 °). It is thus necessary to distinguish in 
fertilisation between a stimulus, which removes the arrest laid on 
the further development of the ovum, and the cell fusion, which 
influences the nature of the resulting organism. The two influences 
are united in the case of natural fertilisation. 

As it is thus necessary in sexual reproduction not only to provide 



280 


BOTANY 


PART I 


for the production of male and female cells, but also to ensure their union, 
it becomes at evident that, for sexual reproduction, the organs 
must have a different morphological and anatomical structure than if 
they were designed solely for vegetative activity. The sexual organs 
accordingly often exhibit a special and peculiar form, which differs 
materially in appearance from the vegetative parts of a plant. 

The Union of Sexual Cells (Fertilisation). — Leaving out of con- 
sideration the necessary external contrivances to that end, fertilisation 
is accomplished by means of a chemotaetic or chcmotropic stimulus 
(pp. 242, 261). It is generally the non-motile egg-cells or female 
sexual organ which exert an attractive influence upon the motile male 
cells. When, however, there, is no difference in the external form of 
the male and female cells, tlum both at e usually motile, and the attrac- 
tion seems to be exerted mutually. This is probably the case with 
the motile and externally similar sexual cells (oametks) of the lower 
Cryptogams, particularly of the Alga* (Fig. 96). In the conjugation 
of the (Jonjugatae, however, although both sexual cells arc externally 
alike, one cell alone is usually motile, and passes through the connect- 
ing canal to the other. This capacity of the male cells for independent, 
movement is common to most Alga*, with the exception of the 
Floridette, in which the walled male cells are passively conveyed to the 
female organ by the water. Throughout the whole group of the 
higher Cryptogams, and in a few ( Jymnosperms, the male cells are 
motile spermatozoids, capable of seeking out the non-motile egg-cells 
concealed within the archegonia. hut in the sexually differentiated 
Fungi the male substance usually remains enclosed in special hyplue 
which press themselves close against the female organs, and, by the 
perforation of the intervening cell wall, tin* fusion of their contents is 
rendered possible. Tin* fertilisation of the Phanerogams is accom- 
panied by a perforation of the intervening cell walls similar to that 
which occurs in the Fungi. In this case the male cell is enclosed 
within the pollen grain ; the female, as a naked egg-cell, is included in 
the embryo-sac, which in turn lies in the o\uh\ and in the Angiosperms 
the ovule is again enclosed within the ovary. The double-walled 
pollen grains possess no independent power of movement, but are 
conveyed to the female sexual organs hv tin* assistance of external 
agencies (animals, currents of air or water). The pollen grain then 
grows out into a tube which is acted ujkui by chcmotropic (including 
hydrotropic and aerotropic) influences, and grows like a fungus-filament 
through the tissues of the ovary and ovule until it penetrates to the 
egg-cell in the embryo-sac ; whereupon the union of the sexual cells is 
easily effected (Fig. 98). 

Recent researches have shown that in addition to the fusion of the generative 
cell with the ovum the second generative cell frequently fuses with the nucleus of 
the embryo-sac. The endosperm, which arises from the resulting nucleus, is thus, 
like the embryo itself, a product of fusion. It is uncertain whether any biological 
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significance is to be attached to this sc called double fertilisation ; more probably 
the explanation is that the embryo-sac cell, as a sister cell of ih ovum, exercises a 
similar chcmotactie influence, and thus attracts the generative cell, the fusion being 
of secondary importance since the endosperm is destined to be used as food by the 
embryo ( lpl g 

While one healthy pollen grain should he able to fertilise one 
healthy ovule, experience shows that better results follow from 
more liberal pollination of the stigma. This depends, according to 
Cokrkns ( 102 ), on the fact that not every pollen grain (and not every 
ovule) is good. Thus in Miivhilln jalapa for each fertile pollen grain 
four are found infertile, and for every three good ovules there is one 
bad one. For Mimbili* loam flora the corresponding ratios are 1 : 3 
and 1:1. 

To render certain the accomplishment of this Pollination, or con- 
veyance of the pollen to the female sexual organs, special and often 
complicated contrivances are made use of by the different Phanero- 
gams, according to the means of conveyance upon which they are 
dependent ( 103 ). 

Plants, the pollen of which is carried by wind, are designated 
A.NLMoPHii.ors. As this method of conveyance depends upon the 
chance of wind direction, the production of an enormous amount of 
pollen characterises wind fertilised plants. 

Such enormous quantities of pollen arc often taken up from pint' forests by the 
win 1 that clouds of pollen fill the air. The surface of Lake Constance in spring is 
so thickly covered with pollen that it is «M>lmm»d yellow (“the lake blooms," it is 
then said), ami in tie* Norwegian fiords, at a depth of *200 fathoms, the pollen of 
Conifers, aeemding t<» F. C. Noel, forms for a time the principal nourishment of 
the Rhi/opod Sttcntniinu. 

The male flower* <»♦’ *neh anemophiioiis plants are aerordiugly either freely 
exposed to the wind in I’aikins . Annul" woq, or tin* versatile anthers, 

a* in the Grasses, depend ir.#in long, lightly-swaying filaments. The pollen grains 
themselves do not stick together hut escape from the opened anthers in the form of 
tine powdei. The pollen grain* of many Conifers are rendered extremely buoyant 
and easy ol' conveyance bv the *■. ind by t\w> sac-iike protrusions of the exine. In 
some anemophiioiis plants the pollen is discharged by the sudden extension of the 
filaments, previously roiled up in the bud Urticaria *\y. PiL’a ), or by the hygro- 
scopic tension of the anthers. The female organs are also often especially adapted 
for the attachment of the pollen thus floating in the air. The stigmas either spread 
out like a brush (Coruliat,. or are finely feathered or provided with hairs (Grasses, 
"Walnut;, or drawn out into long threads f Indian Corn). In the Conifers, with 
freely exposed ovules, the grains of pollen are caught and retained in a drop of 
fluid exuded from the mieropyle, into which they are gradually drawn as the fluid 
dries up. In other Conifers whose ovules are concealed in the cone of the female 
inflorescence, scale-like formations catch the pollen and conduct it to the sticky 
opening of the young ovules. 

For the fertilisation of the higher plants, the presence of water 
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is not so essential as it is for most Cryptogams. Only a few sub- 
merged Phanerogams make use of the agency of water for effecting 
their pollination, and are, on that account, termed hydrophilous 
PLANTS ( 104 ). The pollen of the submerged ' Zostem exhibits certain 
peculiarities, distinctly referable to the necessity of effecting fertilisa- 
tion under water. It does not form round grains, lmt in their place 
elongated thread-like filaments devoid of an exine, which, as they have 
the same specific weight as the surrounding water, are easily set in 
motion by the slightest currents, and are thus brought into contact 
with the stigmas. In the case of the submerged water plants, Vallis- 
rirri'i , Elodea , and species of Eniiahm found in the Indian Ocean, the 
pollination is accomplished on the surface of the water. Thus, for 
example, the nude flowers of Jldlisneria , after separating from the 
parent plant, rise to the surface of the water, where they open and 
float like little boats to the female flowers, which, by the elongation 
of their spirally coiled flower-stalks, ascend, at the same time, to the 
surface of the water, only to become again submerged after fertilisa- 
tion. 

In the great majority of Phanerogams pollination is effected by 
means of animals. By enticing i ft various ways inserts, birds, or 
snails, plants are enabled not only to utilise the transporting power 
but also the intelligence of animals in the service of pollen-conveyance. 
The pollination is then no longer left to chance ; and as the transport 
of pollen to the sexual organs becomes more assured, the necessity for 
its formation in such enormous quantities as in anemophilous plants is 
obviated. For the most part, such plants (Figs. 219, 220) are adapted 
to pollination by insects (Rstomoimiii.y). For their nourishment, 
plants offer not only the sugary sap, which, as nectar, is excreted from 
different parts of the flowers, but also the pollen itself, which furnishes 
a nitrogenous food material, and which, together with the hone}', is 
kneaded by bees into bee-bread. As additional means of enticement, 
and to attract animals from a distance to the nectar offered by the 
sexual organs, special perfumes and conspicuous colours have also been 
developed. The atthai TIVE-aitakatcs of plants is generally formed 
by the coloured floral leaves ; by the outer floral leaves or calyx 
{Xifj'Il a, .tcoiufmn), or by the perianth (Lily, Tulip), or by the 
hvpsophyllarv leaves and parts of the shoot, which do not belong 
strictly to the flower (Jstrnntia major, JHchardin arthiupiat, Melamjafrum, 
IkihrlwiHpia, lUnnjainriUvd sjierhthilis). The pollen of the entomophilous, 
in contrast to that of the anemophilous plants, is not a dry powder, 
but its grains are stuck together with an oily or mucilaginous fluid ; 
iti other ease>, they are held together by their rough outer surfaces and 
can only be removed from the anthers by animals. The structure of 
the flower is so contrived, as Christian t’oSK.vn Sprexhkl first 
pointed out in 179,’t in his famous work on the structure and fertilisa- 
tion of flowers (“ Das entdeckte Geheimniss der Xatur im Ban und in 
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der Befruehtung der Blumen ”), that the pollen grains must necessarily 
become attached to certain parts of the body of the animal visiting it 
in search of food, and so be conveyed to the sticky or hairy stigma of 
other flowers. The variety of mea^s employed to secure pollination, 
and the wonderful adaptation shown by the flowers to the form 
and habits of different insects, are most remarkable. In addition 
to the stimulus of hunger, plants utilise the reproductive instinct 
of animals for securing their pollination. Not a few plants ( Stapelia , 
Aristohuhia , and members of the Araeeac), by the unnatural colour 
of their flowers, combined with a strong carrion-like stench, induce 
carrion-flies to visit them and deposit their eggs ; in so doing they 
effect, at the same time, the pollination of the flowers. In South 
America, instead* of insects, it is the humming birds which are especially 
active in the conveyance of pollen, as they seek for insect., in the 
flowers ; a starling visits the flowers of species of Vinja to drink the 
watery nectar. In the Old World the honey-birds play a similar 
part. Species of Fcijoa have sweet succulent perianth leaves to 
attract the birds, which serve to convey the pollen ( m ). Besides these 
ornithophilous plants there are a few visited by Bats (CllIUOJTERO- 
philous); thus the diuccious pandanaceors plant Fregnnetia is pollinated 
by a Flying Fox (Ftrmpus), which eats the inner bracts. Pollination 
iri some cases is effected by means of snails (MALAmi'illLors Plants). 
To their instrumentality the flowers of Call a /mhtstris, ( 'Imj^rpleniuiii, 
and also the half-buried flowers of the well-known AxpidUtra owe their 
pollination. 

Self and Cross Fertilisation. — It has already been pointed out 
that it is by sexual reproduction, in contrast to the vegetative mode 
of multiplication, that qualitative modifications are effected. Such 
qualitative changes art? best attained when the sexual cells are derived 
from different individuals. It is in accordance with this same principle 
that, in the sexual reproduction of plants, varied and often complicated 
contrivances are manifested, which conduce to cross-fkrtilisation 
(union between sexual cells of different individuals), even when the 
individuals themselves are HKRAlAPJinuDiTK and possess two kinds of 
sexual organs, as in the case of the majority of Phanerogams. 

As, however, self-fertilisation takes place also in a small number 
of plants, either regularly or as a make shift, it is evident that what- 
ever may be the advantage derived from a union of two distinct 
individuals, it is no more essential for sexual reproduction than for 
vegetative multiplication. In consideration of the otherwise predominant 
tendency to cross-fertilisation, however, self-fertilisation, just as apo- 
gamy, appears to be a retrogression. Self-pollination, although regularly 
occurring, frequently fails to occasion self-fertilisation, as often the 
pollen will not develop pollen- tubes on the stigmas of the flower (self- 
sterile) by which it was produced, but only on those of different flowers 
(Sfcale err mb, Corydalis cava, Lobelia fubjms, Ferbascum nigrum, etc.)( 100 ). 
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The antipathy between the sexual organs of the same flower, in certain plants, 
so greatly exceeds the "bounds of indifference that they act upon each other as 
poisons. Thus, for example, it is known of certain Orchids that pollination with 
their own pollen causes the death of the flower, while in other cases the pollen is 
killed in a short time by the stigmatic fluid. 

In other instances, self-fertilisation occurs where cross-pollination 
either is not effected, or else in conjunction with it (Wheat, Barley, 
Ganna , Viola species, Linum vsitatmimnin, etc.). By many plants, in 
addition to the Drge flowers adapted to insect pollination, small, 
inconspicuous flowers are produced which, usually concealed under- 
ground or by the lower leaves, never open, and only bear seeds which 
have been produced by self-fertilisation. In such flowers the stamens 
no longer open, the pollen-tubes growing through the wall of the 
anther to reach the stigma. In some plants the majority of the seeds 
are derived from such clkistooamous flowers (Viola), and sometimes 
their seeds alone arc fruitful (Pohjcarpum tet ra pkyllum possesses only 
cleistogamous flowers). As the greater number of such plants, how 
ever, in addition to the seeds of the self-fertilised small cleistogamous 
flowers, produce others resulting from the cross-fertilisation effected in 
the larger flowers (/ inpatient Hoh-tiwgnv, J Minium avtplrnvaulr, Sjn'cvlaria 
perfoliafu , etc.), the ancestral plants of the cleistogamous generations, 
as well as their descendants, have, at least, the opportunity for cross- 
fertilisation open to them. 

Special contrivances for ensuring the crossing of the sexual cells, 
particularly by preventing self-pollination, are found to exist through- 
out the whole vegetable kingdom. 

Self-pollination is most effectually avoided when the plants are 
unisexual, that is when both male and female plants lead a separate 
existence. Such DKKcmrs plants exist in almost all classes of plants 
from the lower Cryptogams to the most highly developed Phanerogams 
(many of the lower Alga*, species of Fuats, Martha alia, Pohjtrichinn , 
Ftfuist'fatrar., Ta.nts, llemp, Hops, Date-Palm, etc ). In MONOECIOUS 
plants the male and female organs occur on different flowers, but 
the flowers are borne on the same plants. The fertilisation between 
different flowers h thus secured ; but even here crossing with other 
individuals is, for the most part, assured by dichogamy. 

The term du'Uih.amy is used to denote the fact that the male and female sexual 
organs attain their maturity at different times. When either the male or female 
sexual organ matures before the other, the self- ]»olli nation of morphologically 
hermaphrodite flowers is avoided and crossing ensured. Both hermaphrodism and 
momeeisiu are more advantageous than ditmstn, as all the plants in such cases are 
able to produce seeds ; while in dnecious plants the male flowers cannot be utilised 
for the direct production of seeds. Dichogamy secures crossing in such a simple 
manner, aud is so easily attained hv hermaphrodite plants, that it is of very general 
occurrence in the vegetable kingdom. According to the priority of the maturity of 
their sexual organs, plants are designated pkotanurods or protooymous. 
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Pkotandry, the earlier maturing of the male sexual 
form of dichogamy. It occurs in the Rowers of the 
(Icraniaccac , Campanulaecae , Compositac , Lobeliacem: , 
UmbclUferac, Malvaceae , and in Epilobiu m, Digitalis. 
etc. The anthers, in this case, oper and discharge 
their pollen at a time when the stigmas of the same 
flowers are still imi>erfectly develop! and not ready 
for pollination. Accordingly, protandkouk flowers 
CAN ONLY RE FERTILISED BY THE POLLEN OF YOUNOEK 
FLOWERS. 

In tiie less frequent pkotohyna the female sexual 
organs are susceptible to fertilisation before the pollen 
of the same flowers is ripe : so that the vuorooYNors 
FLOWERS MI'sr RE FERTILISED BY THE 1’oLLKN OF 
older flowers (Anthojcanth a m adoration, Lumla 
pi/osa , Srrophularia nodosa, A ristolorhia dr mat it is, 
Jlcllehorus , Magnolia, Plant ago media , Fig. 218). 

A still more complicated method of effecting cross- 
fertilisation, because involving also morphological 
and anatomical differences of structure, results from 
Hei EROteTYLY, or the peculiarity of some species of 
plants of prndueiug stigmas and anthers which vary 1 
in height in different individual* of the same species. 

A good example of helerostylod flowers is afforded by 
the Chinese Primrose (Fig. 21 H). Tlii* plant lias two 
forms of flowers, long-styled ( L ) and short-sty led (A'), 
while the positions of the stigmas and anthers in the 


organs, is the more frequent 



io. 2 1 8. — Inflorescence of Pfrm- 
tiujn matin with protogy noils 
Bowers. The upper, still closed 
flowers (9) have protruding 
styles ; the lower (($) have 
lost their styles, and disclose 
their elongated stamens. 


two kinds of flowers are exactly reversed. The pollen grains of the short-stvled 
Mowers, moreover, art larger, and the stigmatic papilla* shorter, than in those with 




Km. 21 irnula tineas, two heteiMstylrd flowers from different plants. /, Form -styled • 
A short-styled flowers ; (>, style ; antheis ; pollen-grains; and .V, stigmltic papilL of 

( P Xp'T > H 0 T n 5 *' a,Ki IKJ n ^ rrain ” lind * tiKfnatic of the short-styled form. 


the longer styles (p, P, and n, A"). The purpose ot such morj»hological and 
anatomical differences existing between flowers of the same species was first 
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understood after they were discovered by Darwin to be a contrivance for cross- 
pollination. Fertilisation is most successful in such cases when the pollination 
of the stigmas is «sffected by the pollen of anthers correspondingly situated. 
By such a “legitimate” fertilisation, more and better seeds are produced than by 
“illegitimate” fertilisation, and in some cases (Linum pcrcnne, Fayojtyrum csculentum) 
legitimate fertilisation alone is productive. Legitimate fertilisation is rendered 
more certain by the fact that insects in visiting the flowers touch correspondingly 
placed sexual organs with the same portions of their body. The flowers of Prim- 
roses have styles of two different lengths (dimorphic iiktkuostvly) ; the same 
jieculiarity is exhibited by Pulmonaria , Hot Ionia, Fagopyrum , Linum. There are 
also flowers with TumoiirHic uktrkostyly ( Lythrum Salicaria, and some species 
of omits ), in which where are two circles of stamens and three variations in the 
height of the stigmas and anthers. 

In a great number of flowers self-pollination is made mechanically impossible, 
as their own [adieu ife prevented by the respective positions of the sexual organ 



Kiti. 220. Pollination of tinlria /nutcn^it. 1, flower visitH l>> a Innnlile-liee, showing tlie projec- 
tion of the curved connective from the helmet-shaped upper lip, and the deposition of the 
pollen on the Itiick of the hutuhle- ln*e : 2. older flottei, with connective drawn hack, and 
elongated style; *1. the stamina! apparatus at rest, with connective enclosed within the upper 
lip ; H, the same, when disturbed by the entrance of the proboscis of the bee in the direction of 
the ariow ; /, lilanuMit ; r, connective ; *. the obstructing half of the anther. 

from coming in contact with tint stigma (Hkucouamy). in the iris, for example, 
the anthers are sheltered under the branched potuloid style, upon whoso lip-like 
stigma no pollen can come, unless through the agency of insects, and in the flower 
of Aristolochia chunatitis pollination from the anthers, which occupy a lower position 
on the column, is prevented, lit the ( hrh itUu'ca* and .l.scltpuuluceac self-pollination 
is rendered impossible both by the nature of the pollen masses and by their position. 
A complicated form of structural contrivance, by means of which cross-pollination 
is secured, may be seen in a flower of Sah'ia pratrnsi* (Fig. 220). The anthers of 
this flower arc concealed in the upper lip of the corolla, from which the style, with 
its bilohed stigma, projects. When a bumble-bee visits the flower in search of 
honey, it must tirst with it.s proboscis push out of tin* way the small plate ( s ), 
formed of two sterile anther halves grown together. These are situated at the ends 
of the short arms of the connectives (r), which are so elongated that they might 
easily he mistaken for the filaments (/) of the stamens. The fertile anther halves 
are situated at the other ends of the connectives, and so are brought in contact with 
the hairy back of the humble-bee when it pushes agaiust the plate at the short ends 
of the lever-like connectives. The jvollen thus attached to the bee will be brushed 
off its back by the forked stigma of the next flower it enters. Good examples of 
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hercogamoiis flowers are afforded by the Papilonacmc , by Kalmia , whose anthers are 
held in pockets of the corolla, by Vinca , tc. 

Hybridisation. — The union of two sexual cells is, as a rule, only 
possible when they are derived from closely allied plants ; it is only 
then that they exercise an attractive influence upon each other and 
fuse together in the act of sexual reproduction. The sexual cells of 
Mosses and Ferns, apart from all other considerations, would not unite 
because the spermatozoids of Mosses are attracted to the female 
organs by sugar, while those of the Ferns are only stimulated by malic 
acid. In the case of Phanerogams, a mixed union of sexual cells is 
likewise prevented by various obstacles to pollination and fertilisation. 
Occasionally, however, the sexual cells of different varieties, species, or 
even genera have shown themselves able to unite and produce descend 
ants capable of development. Such a union is termed Hybridisation, 
or bastard-formation, and its products hybrids or basiaRDS. 

Through the demonstration of the possibility of hybridisation, the 
sexuality of plants, for a long time doubted, was indisputably proven. 
(With this object in view, hybrid.? were raised in great numbers by 
KGluk.utek as early as 1 761) ( 107 ). It also demonstrated that the 
real purpose of sexual union was the combination of the properties of 
both parents, for transitional forms are found among hybrids which 
in many characteristics resemble the male and in others the female 
ancestor, or they may show an equal combination of the characters of 
both. Less frequently it happens that the hybrid resembles one 
ancestor almost exclusively". In such a case the attributes of the other 
ancestor remain latent, and may appear quite unexpectedly, through 
atavism (pp. 153, 275), in later generations. Had one species simple 
leaves and the other compound, their hybrid would have leaves more or 
less cleft ; or were the flowers of one parent species red and those of 
the other yellow, the hybrid frequently bore flowers with red and yellow 
markings (mosaic hybrids), or which were orange-coloured. If an 
earl\ r blooming form were crossed with a late bloomer, the hybrid 
would flower at a time intermediate between the two. A large number 
of spontaneous hybrids have been found which have arisen naturally 
from plants with a special capacity for hybridisation. That such 
natural hybrids do not oftener occur is due to the lack of an opportune 
time or space for their development, and also to the fact that in the 
case of pollination of flowers with different kinds of pollen, that of 
their own species seems always more effectual in effecting fertilisa- 
tion ( 108 ). 

The more closely allied the parent plants, the more readily, us a iule, may hybrids 
between them be produced. Many families seem to incline naturally to hybridisa- 
tion ( SolanaceaCj Ca rtjoph yll acme , Iridaccnc, etc.; ; others again develop hybrids 
only occasionally or not at all ( Cnicifcrac, PapUUnwuwui, Urticaccae , Convolmdacew’, 
etc.). Even in the same family the related genera and species exhibit great 
differences in the readiness with which they may be crossed. The Grapevine and 
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also the Willow are easily crossed with other species of their own genus, and the 
same is also true of the different species of Dianthus , while the species of Silene 
cross with each frtfcer only with difficulty. Species hybrids are easily produced 
from species of Nicotiana , of Verbascum, and of Omm ; on the other hand, it is 
very difficult to cross different species of Solarium, Linar La, or Potentilla. The 
hybridisation, however, of nearly allied forms is often impossible — the Apple with 
the Pear, for instance, although the Peach and Almond may be crossed, and also 
the species of even the different genera Lychnis and Silene , Rhododendron and 
Azalea , Aegilops and Triticurn , each according to their “sexual atfinity.” 

Derivative hybrids arise when hybrids are crossed with one another, or with 
one of the original parent forms. In this way it has been possible to unite six 
species of Willow i;; one hybrid, and in the case of the Grape-vine even more species 
have been combined. It is only in rare cases, however, that the form of the hybrid 
remains constant in the succeeding generations. These exhibit more frequently a 
tendency to revert to one of the original ancestral forms. 

In addition to their inherited qualities HYBRIDS exhibit new 
PECULIARITIES not derived from their parent forms. These are a 
MODHTIED FERTILITY, GREAT TENDENCY TO VARIATION, and often a 
MOKE LUXURIANT GROWTH. The fertility is often so enfeebled that 
the hybrids are sterile and do not reproduce themselves sexually. 
This enfeeblemcnt of the sexuality increases the more remote is the 
relationship of the ancestral forms. The tendency to variability is 
often greatly enhanced in hybrids, especially in those arising from 
the hybridisation of different varieties of the same species. Hybrids, 
particularly those from nearly related parents, produce more vigorous 
vegetative organs, they bloom earlier, longer, and more profusely than 
the uncrossed plants, while at the same time the flowers are larger, 
more brilliant, and exhibit a tendency to become double. The luxu- 
riance of growth and the increased tendency to produce varieties 
displayed by the hybrids have made tin* whole subject of hybridisation 
one of great practical as well as theoretical importance. 

It is doubtful if hybrid forms can be produced (graft-hybrids) by a 
vegetative union of portions of two different plants (grafting, budding) ; 
in all properly regulated experiments the vegetatively united forms 
have preserved their independent individuality (}>. l' 28 ). 

The Dissemination and Germination of Seeds 

If the seeds after their separation from the parent plant simply fell 
upon the earth, the young seedlings would be injuriously restricted to 
the place already occupied by the parent plant, and w ould also spring 
up in such large numbers that th<*\ would mutually exterminate each 
other. The dissemination of the seeds thus becomes a necessity, and 
although a larger or smaller proportion perish in the process, a small 
number eventually find themselves in a favourable environment. 

For their dissemination, seeds make use of the same agencies as 
are employed for the conveyance of pollen. Thus their dispersion is 
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effected by means of currents of air and water ; by their forcible dis- 
charge from their receptacles ; by animals ; and also by their accidental 
transportation by railroads and ships. 

To ensure the dispersal of seeds by the wind, all those contriv- 
ances are of use which serve to increase their superficial area with but 
small augmentation of their weight. Of this nature are the hairy 
appendages of seeds and fruit-walls, as in Gossypium , Epilobinm , Pop ulus, 
Salir , Typha, Clematis , and the fruits of the Compositae with their 
pappus, of Valeriana , etc. Compared with the accelerated fall in a 
vacuum, the retardation exerted by the resistance of the air (by which 
the opportunity for dispersal through the agency of the wind is 
enhanced) in the case of Cynaria Scolymus is, in the first second, as six 
to one. Similar adaptations for utilising the agency of the wind as a 
means of dispersal are the wing- like appendages formed from the 
expansion of the sepals ( Dipterocarpus ) or of the ovary {Acer, Fra.rimts> 



Fio. 221. Winged s<*e<l of Jiiynonia mucronatn. (Nut. nue.) 


Hiatus , Polygonum , Uobinia , Gleditsdiia , and the fruits of many Umbelli- 
ferae), or of the seeds themselves, as in the winged seeds of the 
Pig no iiia cede (and many Ternstroemiaeeat). In a Jiiynonia seed (Fig. 
221), with its widely outspread, glossy wings, the centre of gravity is 
so disposed that the seed floats lightly along through the air in an 
almost horizontal course, and with a motion like that of a butterfly. 
The seeds of Zanonia, one of the Cvrurbitaceae , are very similarly 
equipped. In the Lime, the subtending leaf which is attached to the 
inflorescence is retained to facilitate the dispersal of the fruits by the 
wind ; and in the seeds of the Fir the winged appendages are derived 
from the tissue of the placental scale. The aerial transportation of 
seeds and fruits, winged only on one side, is accompanied by a con- 
tinuous spirally twisting movement which assists to retard their fall. 
Thus in the above-mentioned Pignonia Dinglek found the retarda- 
tion amounted to thirty times the free fall, and in Pinus silveslris to 
seven times ( 109 ). 

The diminutive size of many reproductive bodies, and the propor- 

u 
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donate enlargement of their surface in comparison with their volume, 
increase their buoyancy. Microscopically small Fungi, spores, and 
Bacteria .are in consequence easily transported by the wind. In the 
spores of Lycoperdon caelatum Dingler found the retardation to be as 
1 to 1000, which, according to Nageli, could only be theoretically 
explained by the supposition that the retardation was intensified by a 
thin layer of air permanently adhering to the surface of the spores. 

Seeds and fruit are also frequently transported great distances by 
the agency of water. In the case of maritime plants the seeds are 
often especially adapted (water-tight tissues ; large air-spaces serving 
as swimming-bladders, etc.) for transport by ocean currents. Through 
the possession of such devices, the seeds of West Indian plants are 
carried to Norway by the Gulf Stream, and the appearance of Coco-nut 
palms as the first vegetation on isolated coral islands is in like manner 
due to the adaptation of their fruits to transport by water ( no ). 

Animals participate largely in the dissemination of seeds ; either 
by eating the agreeably tasting and often attractively coloured fruit, and 
excreting the undigested seeds, or by their involuntary transportation 
of seeds and fruits which have become in some w^ay attached to them. 
This is effected in many cases by hooks and bristles (Lappa, Galium 
aparine , fiidens, Echinospmnum, Xanthhm, and the fruits of Medicago 
minima, so common in sheep’s wool and erroneously termed wool-lice). 
Or the seeds become attached to animals by means of some sticky 
substance ; in this way the seeds of the Mistletoe, which stick to the 
beaks of birds eating the berries, finally adhere to the branches of trees 
upon which the birds wipe their bills. The widespread distribution 
of fresh-water plants can only be accounted for through the agency 
of aquatic birds. 

The natural distribution of plants has been greatly modified by 
the interference of man, especially in these days of universal commercial 
intercourse by rail and sea. By their instrumentality not only have 
the useful plants been widely distributed over the earth, but the weeds 
have followed in the same way ; and many a seed thus accidentally 
carried to other lands has finally found there a new place of growth. 

The forcible discharge of sjjores and seeds is effected by the 
sudden liberation of hygroscopic or tissue tensions. It has already 
been mentioned that the capillitia of the Myxomycetes and the elaters 
of the Liverworts serve for the dispersal of the spores. In the case of 
the Box (liuxas), the smooth seeds are forcibly discharged by the con- 
traction of the pericarp, like a bean pressed l>etwcen the fingers. The 
dry fruit of Hum crepitans bursts ajwirt with a report like that of a 
pistol, and is scattered in pieces far and wide. The turgescence and 
elasticity of the cell avails give rise to the tension which results in the 
forcible discharge of the sjxjrangia of Pitobolus , and in the ejection of 
the ascos|K>res of many Ascomycetes. The bursting and rolling up of 
the segments of the seed-vessels of Imjxitkns, by means of which the 
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dispersal of the seeds is effected, pre due to the sudden release of 
tissue-tensions* Similarly, the fruits of Memordica ekUeriim and Ecbal- 
Hum dehisce suddenly and eject the seeds with considerable force. It 
is unnecessary to cite further examples ; those already given may be 
sufficient to call attention to a few of the different means made use of 
for the dispersal of the reproductive germs. 

Germination. — The dry condition of the seed and the cessation of 
all vital activity render the resting germ extremely resistant to the 
action of external influences, and capable of maintaining its vitality 
during the course of its dissemination, until it is ultimately fixed 
in the earth. In effecting their permanent lodgment in the soil, 
seeds are aided by the various structural peculiarities of their 
surface (furrows, bristles, hairs, etc.). The fruits of the Geraniaceae 
( Erodium , Fig. 201) and Gmmineae ( Sfipa , Air mi sterili and spechs of 
Amtida) are enabled, by means of movements due to hygroscopic 
torsion, to bury themselves in the ground. In the case of Trifolium 
suhlerraneum and Arachi a Ju/poyam the same result is accomplished by 
the geotropic growth of the fruit-stalks, while the seed-capsules of 
Linaria cymbalaria are deposited in the crevices of walls and cliffs by 
the negative heliotropic movements of the fruit-stalks. Nuts, acorns, 
and seeds buried by squirrels or other animals in the ground and 
forgotten, or for any reason not made use of, often germinate. The 
seedlings of Mangrove trees, llhkophora and Uruyuicra , exhibit a most 
peculiar manner of growth to ensure their lodgment in the ground. 
The seed germinates in the fruit before it is detached from the tree. 
AVhen the radicle has attained a considerable length, the young seedling, 
separating either from the cotyledons or from the fruit-stalk, falls to 
the earth ; it then bores into the mud, and is thus enabled to com- 
mence its growth without delay. Many seeds and fruits acquire a 
more or less voluminous Mucilaginous sheath, which serves a double 
purpose. Quince seeds, Flax seeds, seeds of the Plantain, of Crucifers, 
the fruits of Saida Honninum , seed of <'uphea and Cobaea (in the 
mucilage cells of which delicate thickening bands are rolled up), 
afford the best-known examples of such slimy envelopes, which, in 
addition to fixing the seed to the ground, serve to absorb water by 
holding it in their substance or drawing it in hygroscopically (cf. 
Mistletoe berries). Fruit -walls, bv their spongy nature, may also 
serve as water-carriers (ripe fruits of Trojuteoltm, VoUrium spinomm , 
Med icayo terebellum). 

The germination of seeds, once securely lodged in the soil, may 
begin immediately or after a longer or shorter period of rest. 

The seeds of many Conifers do not germinate for several years. Some plants 
again, in addition to seeds whiefi germinate in the first year, produce others which 
require a longer lest {Tripoli am pratense , J!»o>'nia Cytixvs Laburnum, 

lleseila lutea , etc.). Even under favourable circumstances such seeds do not 
germinate until a definite length of time has elapsed. Germination may be 
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delayed also by external conditions, and the vitality of the seed may still be 
retained for years. Thos, for example, on the removal of a forest from land that 
had been under cultivation for forty-six years, Peter found that a great variety 
of field -plant* at once sprang up os soon as the requirements for their germination 
were restored ( m ). 



Germination, according to the observations of Klebs, is introduced 
by true processes of growth, which result in the rupture of the 
seed-coverings ( 112 ). This is effected either by the growing radicle, 
or, in many Monocotyledons, by the cotyledon. In other seeds 
enclosed within a shell, the bursting of the shell through the growth 
of the endosperm or cotyledons precedes germination. In cases where 
the shell is very hard and does not consist of two halves easily separ- 
able by internal pressure (as in Cherry-stones), special places are often 
provided for the egress of the young seedling. 
At the end of a coco-nut, for example, such points 
of egress, behind the thinnest of which the em- 
bryo will be found emerging from the endosperm, 
are very easily seen. Through the extremely 
hard, thick shell of another Coco-palm, Cocos 
Injtitlm, there are three long germinal pores, while 
the seedling of Acrocomiu scUromrjm has only to 
push a loosely fastened plug out of the thick shell 
of the seed (Fig. Similar contrivances 

t»m i*rt of th.* a re found in the case of Panda h us, Connu , Tt/pha, 
minor Arn*,>ma*'irrn. j > 0 ( <nf ,n(j,’{on ami xiiaiiv Dicotyledons (TctlV<JOf(i<l 
Hhoii; i\ tin* i>inj 4 wim*h e.fyxM.sY(, MmiciHjv, and some species of Onobrychts 
is ..ut ..f th** and Portulava). Kkedlixus penetrate the soil 
'*y Im ' 1U18 °f lh< ‘ vlonj'ation of the primary root, 
(AfVrPnT/.Mt.) or of the hyjioeot \ 1, or also, as is the case with 
many Monocotyledons, through the movements 
of the geotropic cotyledons. After the descending part is firmly 
attached to the soil, by either root-hairs or lateral roots, the upward 
growth commences. Iii this process the cotyledons mav either remain 
within the seed (hvpogeal) or unfold above ground (epigeal). The first is 
often the case where the cotyledons are full of reserve material (Phasfo- 
lu* mulf (flouts, Atsrulus , Qurtrus), or where tiieir function is to absorb 
nourishment from the endosperm (in l'alms and the scutellum of 
(Iramiueac). More frequently the cotyledons are pushed above ground, 
and may then lie thick and filled with reserve nourishment, or thin 
ami turning green on exposure to the light. In many Monocotyledons, 
as also in Manus, etc., the cotyledons, even if they afterwards appear 
above ground, may first take up the nutritive substances of the endo- 
sperm ; while in the Conifers the eotvled^jps jierform the same office 
above ground. The cotyledons are drawn from the seed by 
the curvature of the hypocotyl or of the petioles of the cotyledons 
(Smyrnium, Iklphinimu). The seed -coverings also are often further 
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ruptured by the swelling of the hyp icotyl (Cucurbita, etc.). The un- 
folding of the first leaves above ground is frequently accompanied 
by a CONTRACTION of the root ( U4 ). This is caused by the 
cortical cells of the root becoming more stretched in a transverse 
than a longitudinal direction by their turgescence. The seedling is 
in consequence drawn deeper into the soil, and its position rendered 
more secure. Even older plants, particularly those whose leaves form 
a radical rosette, notwithstanding their upward growth, are held close 
to the ground through a similar contraction of their roots. According 
to the researches of Kimbach the shortening amounts to 30 per cent 
of the length of root in Allium nrsinum , to 50 per cent in Arum 
maculatum , and even to 70 per cent in Oxalis elegans. 

When its attachment in the soil is properly provided for, and after 
the first germ-leaves are unfolded, the young plant has acquired the 
capacity for self-sustenance, its further growth and development being 
dependent upon its own activity. 
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SPECIAL BOTANY 


Special Botany is concerned with the special morphology and 
physiology of plants. While it is the province of General Botany to 
investigate the structure and vital processes of the whole vegetable 
kingdom, it is the task of Special Botany to interpret the structure 
and vital processes of its separate divisions. The aim of General 
Morphology is to determine the phylogenetic derivation of the external 
and internal segmentation of plants, and to refer their numerous 
structural peculiarities to the primitive form from which they have 
arisen. The purpose of Special Morphology, on the other hand, is to 
trace the development which has been reached in the different divisions 
of the plant kingdom, to understand the form of individual plants, and 
to trace the connection between one form and another. Thus the 
methods of special morphology are also phylogenetic, and furnish the 
basis fora natural system of classification of the vegetable organisms 
based upon their actual relationships. Although such a system must 
necessarily be very imperfect, as it is not possible to determine, directly 
and indisputably, the phylogenetic connection of different plants, but 
only to derive indirectly their relationships from morphological com* 
parisons, the aim which we set before us is none the less both legitimate 
and essentially justifiable. 

Such a natural system, founded on the actual relationship existing 
between different plants, stands in direct opposition to the artificial 
system, to which has never been attributed more than a practical 
value in grouping the plants in such a manner that they could easily 
be determined and classified. Of all the earlier artificial systems, the 
sexual system proposed by Carl Linn.EUS in the year 1735 is the 
only one which need be considered. 

Linnets, in establishing lib classification, utilised characteristics which referred 
exclusively to the sexual organs, and on this basis distinguished twenty- four classes 
of plant*. In the last or twenty-fourth class he included all such plants as were 
devoid of any visible sexual organs, and termed them collectively Chyftogamh. 
Of the Cryptogams there were at that time hut comparatively few forms khown, and 
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the complicated methods of reproduction of this now large class were absolutely 
unknown. In contrast to the Cryptogams, the other twenty-three classes were 
distinguished as Phanerogams or plants whose flowers with their sexual organs 
could be easily seen. Linnjettr divided the Phanerogams, according to the sexual 
character of their flowers, into such as possessed hermaphrodite flowers (Classes 
I.-XX.), and those in which the flowers were unisexual (XXL -XXIII.). Plants 
with hermaphrodite flowers he again divided into three groups : those with free 
stamens (I. -XV.), which he further distinguished according to the number, mode 
of insertion, and relative length of the stamens ; those with stamens united with 
each other (XVI. -XIX.) ; and those in which the stamens were united with the 
, pistil (XX.). Each of the twenty -four classes was similarly subdivided into 
orders. "While some of the classes and orders thus constituted represent naturally 
related groups, although by the method of their arrangement in the artificial 
system they are isolated and widely removed from their proper position, they 
include, for the most part, plants which phylogenetically are very far apart. 

mSXMVH himself (1738) felt the necessity of establishing natural 
families in which the plants should be arranged according to their 
“ relationships.” So long, however, as the belief in the immutability 
of species prevailed, the adoption of a system of classification ex- 
pressive of relationship and family could have no more than a hypo- 
thetical meaning, and merely indicated a supposed agreement between 
plants having similar external forms. A true basis for a natural 
system of classification of organisms was first afforded by the theory 
of evolution. 

The system adopted as the basis of the following description and 
systematic arrangement of plants is the natural system of Alex- 
ander Braun, as modified and further perfected by Eichler and 
others. 

According to this system we have to distinguish between Crypto- 
gams as the lower division, and Phanerogams as the higher division 
of the plant kingdom. 


SK0TIOX I 

CRYPTOGAMS 

The Cryptogams include an extraordinary variety of the most 
different plant forms, extending from unicellular organisms to plants 
exhibiting segmentation into stem, leaf, and root. The Cryptogams, 
however, are collectively distinguished from Phanerogams by the mode 
of their dissemination by spores, in contrast to that of the Phanero- 
gams, which is effected by seeds ; spores are formed also by Phanero- 
gams, but they are not the immediate cause of the origin and develop- 
ment of new individuals. Seeds are multicellular bodies, within which 
is included the multicellular rudiment or embryo of’ a plant ; while 
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spores which, in the case of the Cryptogams, become separated from 
the mother plant, and give rise to a new and independent organism, 
are unicellular structures. Cryptogams may therefore be termed 
spore plants or Sporophytes, and Phanerogams seed PLANTS or 
Spermaphytes ; although uniformity to previous usage and custom 
would recommend adherence to the older terms. 

The Cryptogams are divided into the three following groups : — 

I. The Thallophyta, embracing a great variety of plants whose 
vegetative portion may consist of one or many cells in the form of a 
more or less branched thallus. 

II. The Bryophyta, which include forms with a leaf-like thallus, 
as well as cormophytic forms, with evident segmentation into stems 
and leaves. The Bryophytes possoss no true roots, and their conduct- 
ing bundles are of the simplest structure. 

III. The Pteridophyta, or Fern-plants, exhibit a segmentation 
into stems, leaves, and roots, and also possess true vascular bundles. 
While thus resembling the Phanerogams in structure, they differ from 
them in their mode of reproduction, and in their dissemination by 
means of spores. 

The Tliallophytes and Bryophytes are also characterised as cellular plants, in 
contrast to the Pteridopliytes or Vascular Cryptogams, which, together with the 
Phanerogams, are collectively designated Avascular Plants. Bryophyta and Pteri- 
dophyta must be regarded as having originated from the higher Tliallophytes, the 
development of the two groups having been on different lines. 


1. THALLOPHYTA 


The Tliallophytes may be divided according to their natural 
relationships into the following classes : — 


1. Flagellata , Flagellates. 

'1. Myxomycetes , Slime-fungi. 

3. lniderui, Bacteria. 

4. Cyanophycw, Blue-green Alga*. 

5. Diatomeae , Diatoms. 

6. Peridinear , Dinoflagellates. 


7. Conjugatae , Conjugates. 
Chlorophycme , Green Alga*. 
^9. Phaeophyceof , Brown Alga*. 
^10. Ilhodophymw, Red Alga. 

1 1 . Characeue , Stoneworts. 

12. llyphomycdes , Fungi. 


Excluding the Flagellates, which combine animal and vegetable 
characters, it was formerly customary to divide the Thallophyta into 
the two groups of Alga* and Fungi. The Alga? are Thallophytes 
which possess chromatophores with colouring pigments, particularly 
chlorophyll ; they are, therefore, capable of assimilating and providing 
independently for their own nutrition. The Fungi, on the other 
hand, are colourless and have a saprophytic or parasitic mode of life. 
Such a method of classification, however, although possessing a 
physiological value, has no phylogenetic significance, as it {loes not 
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express the natural relationships between the various groups. The 
classes 4-11 in the above scheme belong to the Algce , while the 
Myxomycetes , Bacteria , and Hyphomycetes are classed as Fungi 

To the twelve classes of the Tballophytes may be added, as Class 
13, the Lichens (Lichenes), in which the thallus affords an instance 
of a symbiosis of Algae and Fungi. From a strictly systematic 
standpoint, the Fungi and Algfe composing the Lichens should be 
classified separately, each in their own class ; but the Lichens, among 
themselves, exhibit such a similarity in structure and mode of life, 
that a better conception of their characteristic peculiarities is obtained 
by their treatment as a distinct class. 


Tlie cluHMBH distinguished above are on the whole sharply limited from one 
another, and little can bo said with certainty of their mutual relations. The 
Bacteria and Cyuuophyeeae aro isolated groups. The <U mjuyatac maybe regarded 
as a branch from the common root of the (JhUrroph ycnu\ while the highly organised 
Characatc , and possibly the Rhmluyh yautr also, may have originated from more 
highly differentiated Green Algie. The Jiyphomyairs may he derived as colourless 
forms from Chlorophyceac, and perhaps also from Hhodophyceac . The Flagellate 
may be looked upon as representing the forms from which the primitive Green an 
Brown Algte, as well as the Diatoms, PeriiHucnc and Mysomyrcti's, were derived. 


As a rule the Tballophytes are distributed and multiplied by 
means of asexually produced spores, but with a varying mode of de- 
velopment in the different groups ; and also, although not in all classes, 
they exhibit a sexual mode of reproduction. This reproduction con- 
sists, in the simplest cases, in the production of a single cell, the 
zygospore or zygotk, by the union or con.i pgation of. two simi- 
LAItLY FORMED SEXUAL ( KLLs on gametes. In many of the more 
highly developed forms, however, the gametes are differentiated as 
small male cells or SPKUMATozoiDS, and as larger female cells, the egg- 
cells or oospheues. As a result of the fusion of an egg-cell and a 
speriuatozoid, an oospore is produced. The first form of sexual re- 
production or fertilisation is termed Isogamous, the second OOGAMOUS ; 
but these are connected by intermediate forms. It must be assumed 
that the sexual cells have been derived in the pbylogenv of plants 
from asexual spores, and that asexual multiplication has taken origin 
from simple cell division. 

While the reproduction of some Thallophyta is exclusively asexual anti of others 
exclusively sexual, in many others both forms of reproduction occur. In the latter 
oas« this may occur on the one plant, or separate successive generations may be 
distinguishable. Generally speaking, there ia, however, no regular succession of 
asexual ami sexual generations in Tballophytes, the mode of reproduction being to 
a great extent under the influence of external conditions Only in the Red Sea- 
weeds and some Fungi is there an alternation of a sexual generation (gametophyte) 
with an asexual (sporophvto), such as is found in all Brvophytesaml Pteridophyt.es. 
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Class I 

Flagellata (Flagellates) ( 2 ) 

The Flagellata are a group of unicellular, aquatic organisms ; they combine 
animal and vegetable characteristics, and may bo regarded as the starting-point on 
the one side of unicellular Thallophytes, on the other of the Protozoa* 

The protoplast exhibits contractile or anm*boid movements, and is limited by 
a denser protoplasmic layer and not by a definite cell-wall. One or more cilia 
(flagella) are present as motile organs. The protoplast contains a nucleus, a pul- 
sating vacuole, and in many species well-formed green, yellow, or brownish-yellow 
chromatophores. Such forms are able to assimilate, but at times they live as 
saprophytes or animals, as do the colourless forms throughout their lives. The 
power of absorbing solid particles may be present over the whole sur'hce or he 
localised at one or two points which serve as mouths. 

It has been shown that some species appear as colourless forms with reduced 
chromatophores or as chlorophyll-bearing forms, according to the changes in the 
conditions of nutrition (r.g. Eiujh.ua yrarilis) 

Sexual reproduction is wanting. Multiplication takes place by longitudinal 
division, and in many species thick walled resting spores are produced. 


Class II 

Myxomycetes (Slime-Fungi) ( 4 ) 

The Myxomycetes form an independent group of lower Thallo- 
phytes; in certain respects they occupy an intermediate position 
between plants and animals, and have in consequence also been termed 
Mycdozoa or Fungus -animals. They are represented by numerous 
species, and are widely distributed over the whole earth. In their 
vegetative condition the Slime-Fungi consist of naked masses of proto- 
plasm, the PLASMODIA, containing numerous small nuclei but utterly 
devoid of chlorophyll. Glycogen occurs as a reserve substance, while 
starch is not found. The plasmodia (p. 53) are found most frequently 
in forests, upon soil rich in humus, upon fallen leaves, and in decaying 
wood. They creep about on the substrata, changing their form at the 
same time, and thrust out processes or pseudopodia, which may in turn 
coalesce. Their movements are regulated by the intensity of the light 
and heat to which they are exposed, and by the amount of moisture 
and nourishment supplied by the substratum. Although in the vege- 
tative condition the plasmodia are negatively heliotropic and positively 
hydrotropic, these characteristics become changed when the process of 
spore-formation begins. The plasmodium then creeps out from the 
substratum towards the light and air, and, after coining to rest, is con- 
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verted into single or' numerous and closely contiguous fructifications, 
according to the genus. On the periphery of each fructification an 
outer envelope or PEltlDlUM is formed ; while internally the contents 
of the fructification separate into spores, each of which is provided 
with a nucleus, and enclosed by an outer wall. The isolation of the 
spores may take place on the conclusion of cell divisions (Trichia); in 
other cases ( e.g . Fuligo) the plasmodium divides into a number of multi- 
nucleate portions while nuclear division is in progress, and these 
portions subsequently divide, giving rise to the spores. The spores thus 
formed have accordingly an asexual origin. In many genera, part of 
the internal protoplastn within the sporangium or spore-receptacle is 
utilised in the formation of a capillitium (Fig. 224, B), consisting of 
isolated or reticulately united threads or tubes. Upon the maturity 
of the spores, the peridium of the sporangium becomes ruptured, the 
capillitium expands (Fig. 223, />), and the spores are dispersed by the 
wind. In the case of the genus ( Jeratiomyza , the process is somewhat 
simplified, as the fructification is not enveloped by a peridium, and 
the spores arc produced at the extremities of short stalks. Sexual 
REPRODUCTION is entirely absent in the Myxomycetes. 

A good example of the development of the plasmodia from the spores is afforded 
hy Chotulrivderma dijforme, a Slimo* Fungus common on decaying leaves, dung, 
etc., ujkjii which it forms small, round, sessile sporangia. The germination of the 
spores («, Fig. 59) may he easily observed when cultivated in an infusion of 

Cabbage leaves or other vegetable 
matter. The spore-wall is ruptured 
and left empty by the escaping proto- 
plast. After developing a flagellum 
c»r eiui M as an organ of motion, the 
protoplast swims about in the water, 
being converted into a swakm-simwe 
(Fig. 59, <•-</), with a cell nucleus in 
its anterior or ciliated end, and a 
contractile vacuole in the posterior 
end of its body. Eventually the 
eilium U drawn in, and the swarm- 
sjiore becomes transformed into a 
Myxamckra, which has the capacity 
Kio. ti mt ideations, after discharge of the multiplication hy division. In 

wjMMfs. .i, ''tfiHouiti# j'uH'ti (x 10 ); ft, A ivy mi conditions unfavourable for their 
;m( iti.sr t \ - . !•„*); < , (Viboirro n<.flr ( \ 82). development they surround them- 

selves w it h a wall, and as MienocvsTS 
pass into a »tAte <*f rest from which, under favourable conditions, they again emerge 
as swarm -spores, Ultimately a mimlier of the Myxamnhio approach close together 
(Fig. Mb /) and coalesce, forming small plasmodia vFig. f*l>. ut\ which in turn fuse 
with others into larger plasmodia (Fig. 50, n> ; no nuclear fusion accompanies 
this coalescence. Doth the anneba? and plasmodia are nourished by the small 
food particles taken up by the protoplasm, which also exhibits active, internal, 
streaming movements. After an interval of a few days the plasmodium creeps to 
the surface of the substratum to the air aud light, and passing into a resting stage 
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Fig. 22.i. — /vComrpMs fray it is. 
Groups of sporangia upon 
Moss. (Xat. size.) 


becomes at length converted into a white sporangium with a double wall, consist- 
ing of an outer, calcareous, brittle peridium and an inner and thinner enveloping 
pellicle which, in addition to the numerous spores, encloses also a poorly developed 
capillitium. 

The development of the other Myxomyoetes is accomplished in a similar maimer. 
Very large plasmodia, often over a foot in breadth, of a bright yellow colour and 
creamy consistency, are formed by the tan-pit Fungus Fnligo variant ( Aethalium 
septicum), and as the 
“ flowers of tan ” are 
often found in summer 
on moist tan bark. If 
exposed to desiccation, 
the plasmodia of this 
Myxomycete pass into a 
resting state, and become 

converted into spherical or strand -like scieuotia, 
from which a plasmodium is again produced on a 
further supply of water. Finally, the whole plasmo- 
dium becomes transformed into a dry cushion- or cakc- 
shaped fructification of a white, yellowish, or brown 
colour. The fructification, in this instance, is enveloped 
by an outer calcareous crust or rind, and is subdivided 
by numerous internal septa. It encloses numerous 
dark violet-coloured spores, and is traversed by a fila- 
mentous capillitium, in which arc dispersed irregularly- 
shaped vesicles containing granules of calcium car- 
bonate. A fructification of this nature, or so-called 
iethalium, consists, therefore, of a number of sporangia 
combined together, while in most of the Myxomyoetes 
the sporangia are simple and formed singly. 

The structure and nature of the sporangia afford 
the most convenient means of distinguishing the 
different genera. The usually brown or yellow spor- 
angia are spherical, oval, or cylindrical, stalked (Figs. 
223, 225) or not stalked (Fig. 224). They usually 
open by the rupture of the upper portion of the 
sporangium walls, the lower portion persisting as a 
cup (Figs. 223, B, 224, A). In Crihraria (Fig. 223, C) 
the upper part of the wall of the sporangium, which 
contains no capillitium, becomes perforated in a sieve- 
like manner. In Stemonitis (Fig. 223, A) the whole peridium falls to pieces, and 
the capillitium is attached to a collumclla, which forms a continuation of the stalk. 

Plasm od ioph ora Brassicae ( 5 ), one of the few parasitic Myxomyoetes, causes 
tuberous swellings on the lateral roots of various species of Brattica. Its multi- 
nucleate Myxaimobte occur in numbers in the cells of the hypertrophied parenchyma 
of these swellings ; after the contents of the host-cell have been exhausted, they 
fuse into plasmodia, and these, eventually dividing into numerous spores, are set 
free by the disorganisation of the plant. The spores germinate like those of Chon - 
drimlcrma , and the Myxamu-b;e penetrate the roots of a young Cabbage -plant. 
The formation of true sporangia, however, does not take place, and this Slime- 
Fungus represents a more simply organised or, in consequence of its parasitic mode 
of life, a degenerate Myxomycete. 


Fkj. :224. — Trichin varia. A, 
Closed and open sporangia 
( x ft) ; B, a fibre of the capil- 
litium (x 240); C, spores (x 
240). 
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1 * Class III 

Bacteria ( 6 ) 

Bacteria are unicellular or filamentous organisms of very simple 
construction. As a rule, chlorophyll is wanting in them, as in the 
Myxomycetes , and their mode of life is consequently a parasitic or 
saprophytic one. A large number of species exist distributed over 
the whole earth, in water, in the soil, in the atmosphere, or in the 
bodies of dead or living plants and animals. They are often termed 
Fission -Fungi, or Schizomycetes , since the multiplication of the uni- 
cellular forms takes place by a division into two and the separation 
of the segments. This mode of multiplication is, however, found in 
other unicellular plants. 

The cells of the Bacteria are surrounded by a thin membrane, and 
contain a protoplasmic body, which is usually colourless, and can be 
made to contract away from the membrane by plasmolysis. The 
protoplasm may qOntfyn one or more vacuoles. One or several granu- 
lar structures are also present in the protoplast; these so-called 
chromatin bodies may be deeply coloured by stains, and have been 
regarded as nuclei by various authors. Since, as yet, undoubted 
karyokinetic division has not been observed in these bodies, the 
presence of nuclei in the bacterial cell cannot be regarded as certainly 
established. 

Pbr the most part the Bacteria are extraordinarily minute organ- 
isms, and probably include tho smallest known living beings. The 
spherical cells of the smallest forms of Micrococcus are only 0*0005 mm. 
in diameter; the rod -shaped cells of the tubercle bacillus are only 
0*002-0*004 mm. long, while the transverse diameter of most species 
is about 0*00 1 mm. 

The simplest form of Fission-Fungi are represented by minute 
spherical cells, Cocci. Forms consisting of rod -shaped cells are 
designated Bacterium or Bacillus. Simple cell filaments are termed 
Lkptothiux ; spiral, closely-wound filaments are classified as Spiril- 
lum, when more loosely wound as Vimun, and longer spiral filaments 
as Simuoch.ktk. In the highest stage of their development the 
Fission-Fungi consist of coll filaments exhibiting false branching. The 
unicellular cocci, rod-shaped forms, and vibrios may also remain united 
in chains after the cell-division. Frequently the cell-membranes under- 
go a mucilaginous swelling, the cells or cell-rows being embedded in 
the gelatinous mass. This stage of development is termed Zoouuea. 

Many Bacteria are motile. Their independent movements are due 
to the vibration and contraction of fine protoplasmic cilia. These 
flagella, according to A. Fischer, are either distributed over the whole 
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surface of the cells (perifcrichous) (e.g. Bacillus subfilk , Fig. 228, % d ; 
Typhus bacillus , 226, c ; Tetanus bacillus , 231, e), or they are polar, and 
spring from a single point either as a single flagellum (monotrichous) 
or as a group (lophotrichous). A single, polar flagellum occurs in 
Vibrio cholerae (Fig. 226, a) ; a polar terminal tuft of flagella in Spiril- 
lum undula (Fig. 226, b , d) ; a lateral polar tuft in the swarm-spores of 
Cladothrix (Fig. 227). The ciliary tufts may become so closely inter- 
twined as to present the appearance of a single thick flagellum. The 
cilia, although arising from a protrusion of the coll protoplasm, are 
never drawn within the body of the cell, but undergo dissolution 



sion ; /■, IU trill ns itjjihi ; r, Jin villus snhtili s. 

(After A. Fischer, x ‘2*250.) 

before the formation of spores takes place, or under unfavourable con- 
ditions (Fig. 226, c). 

Multiplication of the individual is accomplished vegetatively by 
the active division or fission of the cells ; the preservation and dis- 
tribution of the species by the asexual formation of resting spores. 
These arise as endosporcs (Figs. 228, c ; 230, e, /) in the middle or 
at one end of a cell by the inner portion of the protoplasm separating 
itself from the peripheral, and surrounding itself with a thick mem- 
brane. The membrane of the mother cell becomes swollen and dis- 
integrated when the spore is ripe. Spores are not found in all species. 

Bo fill us subtiiis, tin* Hay bacillus (Fig. 228), which appears as a rule in the 
decoction obtained by boiling hay in water, will afford an example of the life- 
history of a bacterium. The spores of this species, which withstand the effect 
of the boiling water, produce on germination rod-shaped swarming ctdls with cilia 
on all sides ; these divide and may remain connected in short chains. At the 
surface of the fluid these swarming cells change into non-motile cells without cilia, 
which divide up, giving rise to long intertwined chains of ctdls. These are 
associated together in the pellicle covering the surface (zoogloea stage). Sporo 
formation occurs when the nutritive substances in the fluid are exhausted. 

Although the cycle of forms passed through in the life-history of a Bacterium 
is a very simple one, the individual species, which can of£e n he barely dis- 

X 
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tinguished by morphological characters, 



Kin. 22s.— lUtt'ilhi* nuhtiliM, «, »/, Motile cells and 
clmin of calls : /*, non-mot ih* cells and rhahis <»| 
cells; c, spores from the /.oo^loca, e. (Front A. 
Fischer, Voiles, uber Burt erlni. o*d, \lf>00.*, 
x 260.) 

merits an* composed of rod-shaped cells, 
swarm-cells, which originate by division fi 
free by the swelling of the sheath (J'ig. 
227). The swann-eells come to rest after 
a time and grow into new ti laments. 

Another very common form is fVom 
thri.r K Mt n’u nut, which consists of un 
branched filaments attached to the snh 
stratum, but easily broken. It often forms 
masses in the cavities of water-pipes, block- 
ing them up and rendering the water un- 
drinkable. The reproduction of Cmtofhrijc 
is effected by small, round, non -motile 
cells, which arise by subdivision of the 
cells of a filament enclosed by its sheath. 

The numerous kinds of Sulphur Bac- 
teria* of which the filamentous Jioj'jioton 
ulbtt is the most widely distributed, an* 
found in sulphurous springs and at the 
bottom of pools where sulphuretted hydro- 
gen is lteing formed by decomposition of 
organic material. These Bacteria oxidise 
sulphuretted hydrogen into sulphur, ami 
of rounded granules within their cells. 


>w great variety in their metabolic 
processes and in their mode of nutri- 
tion. The majority of Bacteria re- 
quire oxygen for their respi ration, 
and are therefore aerobic ; many can, 
however, develop without this gas, 
while some species, c.g. the butyric 
acid bacterium and the tetanus 
bacillus, arc strictly anaerobic and 
only succeed in the absence of oxy- 
gen (ef. p. 219). 

Saprophytic and parasitic species 
are distinguished, though a sharp 
separation is often impossible. In 
cultures the parasitic forms can be 
made to lead a saprophytic life on 
suitable substrata. 

To the saprophytic Bacteria be- 
long in the first place the forms 
which inhabit water. The widely 
distiibuted Clodothrij' dicfiotoma m 
morphologically the highest among 
ihese. It is found in stagnant water, 
ami consists of falsely branching, 
delicate filaments attached to Alga*, 
stones, and woodwork, and forming 
a slimy coating over them : the Ida- 
lleproduction is effected hv ciliated 
un cells of tin* filament and arc set 



Flo. 22it- / t inravnUrniiift*. .1, Iso- 

latetl s imres ; r, formation of chain of 

cells* with print imms sheath ; It, portion of 
mature /.ooploea ; H, formation of s|*ores in 
tin* ti laments of the zooj£h*ea. (After V *s 
Tii.outM. a .VJO.) 

store the latter substance in the form 
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Leptothrix ochracca , the so-called Iron Bacterium, oxidises oxide of iron to the 
hydrated oxide of iron, which it accumulates in the sheaths of its filaments. 

The zymogenous or fermentation Bacteria and the saprogenous or decomposi- 
tion Bacteria are other saprophytic forms. The former oxidise or ferment c.arbo- 



Fio. -HO. — Rictena. ol fermentation. n-r, Vinegar bacteria ; a, Jlarillus orrti ; h, liar. l'usten rio nils ; 
e. liar. K 'itziiiin mis ; > l . liar, oral > bn'liri t luetic acid bacillus ; r, ('lost rid him butiirinnn, butyric 
aci»l bacillus; J, Hirtruthiui i»iha/isnm , fermentation bacterium from marsh water. (From 
A. Pisciimt, Yuries, tilwi Hacterien, x 1«)00.) 

hydrates. The latter decompose nitrogenous animal or vegetable substances 
(albumen, meat, etc.) with the liberation of ill-smelling gases. 

Thus Leu co lin'd ur nit sni far I- ’ides (Fig. 220) causes fermentation of beet-sugar. 
It forms large mucilaginous masses like frog-spawn, the bead-like rows of cells 



Fiu. cat.-- Pathname Hacteria. ", Pus cocci ; /*. ciysipela* cocci ; r t goiioirlica cocci ; it, splenic 
fever bacilli ; r, tetanus bacilli ; /. dipbthexia Iwicilh ; o, tulterele Imcilli ; h, typhoid iwiciili ; ■», 
colon lxicilii : /.cholera Uinlli. (Prom A. Fiviikh, Voiles. liber Hacterien, y about l.*>00.) 

being surrounded by a gelatinous investment. The acetic acid Bacteria (Fig. 230, 
a, b, c) oxidise alcohol to aortic acid. The transformation of sugar into lactic 
acid is brought alxmt l»v the rod-like cells of Ifariltus acidi htHici (Fig. 230, d), 
Clostridium butyricum (Fig. 230, f) forms butyric acid from various carbohydrates 
in the absence of oxygen, while certain marsh Bacteria (Fig, 230,/) in the absence 
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of oxygen form marsh-gas -from cellulose. Bacillus vulgaris is the most common 
cause of 4ecompositicHi of meat, albumen, etc. 

The numerous pathogenic Bacteria are the most important causes of infectious 
diseases. Their injurious influence on the tissues and blood of men and animals 
is brought about by the excretion of }*)isonous substances, to which the name 
toxins has been given. The following forms may be mentioned. Staphylococcus 
pyogenes (Fig. 231, a), the cocci of which form irregular or racemose masses, is 
the most common cause of suppuration, while Streptococcus pyogenes (Fig. 231, b), 
with cocci united in chains, occurs in erysipelas and other suppurative lesions. 
Micrococcus (Uiplococcus) Gonorrhoeas (Figs. 231, c, 232, a ) lias somewhat flattened 
cocci arranged in paitr, and causes gonorrhoea. HaciUus a nth me. is (Figs. 231, d, 
232, c) was found by K. Knew in the blood and organs of animals suite ring front 
splenic, fever. The relatively large rod-shaped cells may be united in short 
chains*, they form endospores in culture'' in the same way as the. Hay bacillus. 



Fm. Mamctl |Ut’[>aiutnni> hum Zieul'-i -• /<>/*•••• A \>j Putin t non. a, gonococci mi tie- 

gononlical discharge, iiiuctisaml pus corpuscle* wit li <*•>< i-i (inetliyletie him* an»l eo««in), ■: TOO; 
/% tulii'ifle Imcilh in sputum oi phthisis (f.w-lism and uo-thv Inn- Mm*). ,■ -100 : splenic level 

Uieilh in the pustule of" tin* disease (ne'tlix l**m* Mm- and vsimit). \ yi.U. (Fn<iu A. Fist nee, 

\ orlfs. iilwr Itaeteiu-n.) 

JlnctUu v htani Fig. 231,0 occurs in the .soil, and is the miitse of tetanus. Its 
straight rod shaped cells are ciliated, and grow only in tin* wound itself; their 
spores are formed in the swollen end. Is»kki.m; s Unci tins I h phthniac (Fig. 231,/} 
consists of small rod-shaped cells sometimes thickened at one end. Korn's 
llucilht < tuberculosis (Figs. 231, </, 232. b'\ which is found in all tuberculous lesions 
und si ei et toils, as in the sputum, is a slender, slightly curved rod. Typhoid fever 
is caused by the ciliated cells of HaciUus typhi ^Fig. 231. h : ; Bacillus coli (Fig. 
231. m. the colon bacillus, which is as a rule harmless and always occurs in the 
human intestine, closely resembles the typhoid bacillus. The comma bacillus of 
Asiatic cholera. Vibrio chvU rue (Fig. 231, k\ was discovered by U. Korn. It occurs 
in the intestine as short curved rods with a single polar flagellum, ami sometimes 
in longer chains of spirally wound cells. Spi rochacfc obenn cirri, which consists 
of long, thin, spirally wound tilaments. without flagella, hut capable of motion, 
occurs in the Mood during the attacks ol’ relapsing fever, of which it is the 
cause. 

Besides the above injurious parasites there are others which are mere or less 
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harmless occurring oil the mucous membranes, in the mouth (Fig. 4), or the 
intestine. Sareina vcntrieuU, which oei ars as 

packets of cocci in the stomach and intestine > 1 ,„ l *^ 

•of man, will serve as an example of these. m l 

The Bacteria included under the name Jian'l- f* < l } € I 

?us radicicola ( = Rhizobium Legnminosarum) j f 

occur in the root -tubercles of Lajmninosm', **' / i & 

and, like certain other Bacteria found in the l ? 

soil, are capable of utilising free nitrogen in ' 

their metabolism (p. 210\ Kio. 23JJ. -Nitrifying bacteria, after Wino- 

In addition to saprophytic aioi parasitic giailsky. a, Xitromnonas enropum. 

Bacteria there are some which, though possess- fro »> Enrich ; h, S itrommoMujaranen- 

i, i u • .• i c six. from <)n\a ; r, XHrtthatirr, from 

ing no chlorophyll, obtain their lood fiom ’ „ . ’ 

° 1 • ’ Quoto. (From Fihchbk, Vorles. uber 

inorganic compounds only. I best* are the Haetrrien, x 1000.) 
nitrite Bacteria - Xitroxouu<na$) and the nitrate 

Bacteria < XU roluu'tt'n. which li v e in the soil. They oxidise ammonia to nitrous, 
and this t<> nitric acid, and obtain their carbon from carhonu acid ; they thus 
derive their food independently of any organic food-supply (Fig. 233, cf. p. 197). 


Jt'f.ASS IV 

Cyanophyceae, Blue-green Algse ( 7 ) 

The i)titnv]f/nfrf>'U' are simply organised unicellular or filamentous 
Thallophytcs of ;» biwish-green colour; the cells or filaments are 


^ ft 



a 


Fio. H:n. -tUnrwaiwa jxJwlrrMiftirtt. Flo. :»:r. -. 1 . OxttUnria j>riiurj,s ; », terminal rell ; b, <•, 

A, In jinx-ess of division: li, to I M, i 0'«nn from the middle of a filament. in <•, a dead 

tie* U'fr, shortly after division ; cell is shown M ween the living rt'lla. />', Ottilia tin 

< a later stage, (x %40.) I XtrlUhii. (x ’»4<i.) 

frequently united into colonics by the gelatinous swelling of the cell 
walls. The numerous species, which are distributed over the earth, 
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live in water, or form gelatinous or filamentous growths on damp soil,, 
damp rocks, or th§ bark of trees. 


Tlie type of protoplast enclosed by the cell wall differs in several respects from 
that of other Alg<e. A peripheral zone can be distinguished which has the 
functions of a ehroniatophorc ; chlorophyll, together with a blue-green pigment, 
phycocyan, after which the group is named, are contained in this layer. The 
colourless central body enclosed by the coloured zone perhaps corresponds to a 
nucleus, though as yet the characteristic structure and inode of division of k 
nucleus have not been demonstrated with certainty. Granules occurring in the 


cells, especially in the peripheral zone (cyanophycin granules, central granules), 
probably are of the nilture of reserve substances. 

Reproduction is exclusively vegetative by cell division. In many forms resting - 



spores are formed by the enlargement of single cells, 
the walls of which become greatly thickened (Big. 
2 ut»). 

Just as the Bacteria are designated Fission-Fungi 
(Sclrr.umiirctrs . the Blue-green Alg;e may be termed 
Fission-Algic (Srhiittjt/nfci nr since the reproduction 
ot both depends on fission. Tlu* two groups would 
form tin* class of fission plants Srhi:.nplujt<i. The 
origin of Jiur/rrltt from tin* (Upt iw/j/n/rrac is still, 
however, open t * doubt, since the cilia and endo- 
s pores of the former are unknow n in the latter group. 

Tin* simplest ( '>irt >/<•< ue consist of spherical 
cells; this i* tin* case with species of Ch roomer us. 
In fi lot-urn pstt i Fig. 2-j-J ', found on damp rocks and 
walls, the cells lemaiu connected together alter 
di\ision into a gelatinous mass, forming a multi- 
cellular eoh»ii\ . 


Flu. ‘.’.'id. «Yi mto> l .1. Flirt - 

mailt with t«" te tiMoe.\sts (/<) 
ami a huge munln'1' ol Spores ; 

isolated spore hemnninn to 
jjel mill, 'ite ; <\ young filutit<*>it 
developed 1 e* »u i spore. (Al‘t**i 
ItoHsrr, tl.Vi.) 


1 ’h** species o| //srl l/ ( t r/u . \\ li ich occur every where 
in water or on damp soil, arc tin* simplest of the 
filamentous form-. Tin* filament, w hicli is usually 
provided by a thick sheath, comists of similar 
tlatteind cell* il*ig. It can separate into 

pieces hortnogonia ■■. which become five owing to the 
prcssuie «»t the sheath, and grow into new tilamcnts. 


Ill other filamentous < 'timi oph prrnc specially modified cells with degenerated 
contents occur in the filament. Tin* significance of these heterocysts is not vet 
clear. The species of AW or * v Fig. whose bead-like filaments are united into 

mote or less spherical gelatinous colonies living on damp soil or in water, afford an 


example of this. 

Many CfHtnophpcrur take part with the fungi in the formation of Lichens. 
Some species also are endophytic and inhabit ea\itie< in oilier plants, r.<j. Ann- 
tmrna in Aiolln. Xo.it ot' in some Liverworts, in L> unu*. and in the roots of Opens 
and Ounntrn, 
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Class V 

Diatomeae (Diatoms) ( 8 ) 

The Diatomeae constitute a very large class of unicellular Algae, 
They usually occur associated together in 
large numbers, in both fresh and salt 
water, and also on damp soil. 

The individual cells are either solitary 
and free-swimming, or they are attached by 
means of gelatinous stalks, excreted by the 
cellsthemselves(Fig.237). Sometimes these 
chains remain connected and form bands 
•or zigzag chains, or, on the other hand, 
they are attached and enclosed in gelatin- 
ous tubes, while in the case of the marine 
genus &rhii"nruni they lie embedded in 
large numbers in a gelatinous branching 
thallus, often over 1 deni, in breadth. 

The cells also display a great diversity of 
shape; while generally bilaterally sym- 
metrical, they may be circular or elliptical, 
rod- or wedge shaped, nirvtd or straight. 

The structure of their cell walls is especi- 
ally characteristic ; it composed of two 
halves or valvks, one of which overlaps 
the other like the lid of a box (Fig. 3, ]>). 

The cells thus present two altogether 
different views, according to the position 
in which they are observed, whether from 
the ontlH.K (Fig. 3, />) or VALYK-siiiK 
<Fig. 3, J). Both valve-* are so strongly 
impregnated with silica, that, even when 
subjected to intense heat, they remain as 
a siliceous skeleton, retaining the original 
form and markings of the cell walls. The 
walls of the cells, {Mi tkularly on the valve 
side, arc often ornamented with numerous 
fine, transverse markings or ribs, and ubo 
with small protuberances and cavities, or 
they are perforated by open pores. In 
many instances (Fig. 3) a longitudinal line corresponding to an opening 
in the cell walls, and exhibiting swollen nodules at both extremities and 
in the middle, is distinguishable in the surface of the valves. Forms 
provided with such a median suture or haphk are characterised by 
peculiar backward-creeping movements, resulting from the extrusion of 



Mi/ 

i. ht \ { \ y 



Flo. ‘237. — L iVM ophoro floht llotti. 
Colony of Diatoms with branched 
gelatinous stalks. (After Smi'Iii, 
from OoebH’s ( injn n ngra/rft le, ) 
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protoplasmic protrusions from their longitudinal edges (cf. p. 242). Each 
frustulc has always a central nucleus and one (Fig. 3) or two large, or 
numerous smaller chromatophores embedded in its parietal protoplasm. 
These chromatophores or exdochkome plates, as they are often called, 
are flat, frequently lobed, and of a brownish-yellow colour. In addition 

to chlorophyll they contain a 
golden brown colouring matter, 
termed diatom IN. Globules of a 
fatty oil are also included in the 
cell contents, and take the place of 
starch as an assimilation product. 

The JiiaUwteoi' multiply vege- 
tatively by bipartition, which 
always takes place in one direc- 
tion. In this process the two 
vahes are first pushed apart from 
one another by the increasing 
protoplasmic contents of flu* 
mother cell, which then divides 
longitudinally and always in such 
a direction that each of the two 
new cells retains one valve of the 
mother cell. After the division 
of the protoplasm of the mother 
cell is accomplished, each daughter 
cell forms, on its naked side, a 
new \alve lilting into the old 
one. The two valves of a cell 
are therefore of different ages. 
In consequence of this peculiar 
manner of division, as the walls 
of tin* cells are silieitied and in- 
capable of distension, the daughter 
cells become successively smaller and smaller, until finally, after be 
coming reduced to a definite minimum size, they undergo transforma- 
tion into AlWosPoRKs. The auxospores are usually two or three times 
larger than the cells from which they arise, and by their further 
development they re-establish the original size of the cells. 



M.l.-, 
, I !.< il 


r\U 


Km. - Km inatmii ol iiuxoHpmiis m A'i 
ririilliht, ,|, (VII h»n«Ii limn tin* \tth< 

Two cells lying ulnnuHl'lc on** uiiotln*i 
contents tin \ «* divided into two diinjdite 
(wli «>*' which poBf'c-.scH two nuclei. /»,«'< m- 

,f ill'll 1 1 < in in pairs ol the daughter cell-, t<i Imni 
the iin\os|H*ivH, which at liist contain f«»in 
nuclei. /■’, The two tnll-iciow nau\osp<ne% ; the 
two lui*>r« , r nuclei in each lm\e lu«,cd into one. 
t he two smaller ones hn\ e disintegrated. ( Alt* i 
K VUh| a oltO.) 


The formation of auxospores is accomplished in various wavs. According to U. 
Kaumt.n four main tyjies can be distinguished, which can ail he derived from Un- 
original type of KhttMonr nut (nnuitu hi. In this species the contents of the mother 
call divide into two daughter cells, whieii escape from the siliceous cell wall and 
grow into the auxospores ; the latter are two to three times the size of the mother 
cell. The second type (Fig. U-’hsi occurs in many hintonourar ; in this two cells 
lay themselves side hy side, and their eontetits divide into daughter cells; these 
round themselves off, emerge from the cell wall, and give lise to the auxospores hy 
conjugation. In the third t\j»e a single auxospoio is formed as the 
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result of conjugation of the contents of the two parent cells. In the fourth type 
( McJosira ) an auxospore arises from the mother cell directly, without previous con- 
jugation. A suppressed process of division can be detected in the last case, 
however, and it seems probable that a preliminary cell-division is an original 
characteristic of all methods of producing auxospores. 

Countless numbers of Diatoms live in the ocean, and they constitute also a pro- 
portionately large part of the plankton (<*), that is, the free-swimming organic 
world on the surface of the sea. The plankton Diatoms have no middle suture or 
raphe on the surface of their valves, and are especially adapted to swimming or 
Moating. To this end they are often provided with horn-like protuberances or 
membranous wings, which, like the contrivances of seeds for a similar purpose, 
greatly enhance their buoyancy. 

Many Diatoms occur in places when decomposing substances are present in 
abundance. Such species can assume a saprophytic mode of life, their chroniato- 
pliores becoming colouiless and reduced in size. It lias been shown that some 
colourless species of X it inch i‘< which occur in the sea are, exclusively dependent 
on organic substances for food, the reduction of their chimiiatophores being 
< omplete 1 1 "). 

Diatom* occur also as fossil*. Their silieiiied valves form a large part of the 
deposits of Smii'koin Kaktij. Kieselguhr, mountain meal, etc., and in this form 
thc\ arc utilised in the manufacture of dynamite. 

On a* connt of the extreme hneness of the markings of their valves, it is cus- 
tomary lo employ certain specie"- of Diatoms a test objects lbr trying the lenses of 
mirroseupes. /Ve 1 / rt> u*fiua o tufft I d mu. is commonly used for this purpose, and, with 
;i siiMieiently strong lens, it is possible to distinguish on the surface of the S-shapod 
v.ihes a system of tine milkings, forming a network of six-sided meshes to the 
right and left of the raphe. 


Class VI 

Pepidineae ( 9 U ) 

The preidi/iette live for the most pait ill salt water, and form, together with the 
lh<ttoHo to-, an important part of the plankton Moating 
on the surface of the ocean. Their cell plasma con- 
tains a nucleus, a compliealed system of vacuoles, 
and light yellow, tabular chromatophores. The Peri- 
ifinno are further characteri • d by Two long proto- 
plasmic cilia or flagella, to the vibrations of which 
the movements of the cells are due. The flagella 
spring from the ventral side of Urn cells, and lie in 
two furrows, which cross each other at right angles, 
on their surface (Fig. 239). Oulv a few Peridincar 
are entirely naked ; most of them have jicculiarly 
sculptured cell walls, consisting of intersecting cellu- 
lose plates or ribs. They multiply by division, and 
in tlie autumn form thick -walled cysts, in which 

condition they pass the winter. Conjugation lias ‘''m'vXXaZThZXZ 
not been observed. x 7. r »o.) 

In addition to the forms which, like Alga*, sus- 
tain themselves by means of assimilating yellow chromatopliores, th$re occur also 
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colourless Peridiueat, whose chroma to phores are only represented !>y colourless 
leucoplasts. Such species, although nearly related to the brown Pcridincae , live 
either .as saprophytes or in the same way as animals. Gymnndinium hyalinum , 
a colourless, naked, fresh-water form, exhibits a mode of life resembling that 
of a Myxomycete. For the purjwjse of absorbing nourishment it loses its cilia 
and assumes the form of an amoeba; in this condition it encloses and digests 
small Alga?. 


Class VII 

Conjug*atae ( 12 ) 


In the class of the do njwjaim is included a large independent 
group of green, fresh-water Alga*, in the form either of solitary cells 
or filamentous rows of cells. They derive their name from their 



210, — .1, l' yu intuit ( * - 0 M, H, . /y^^jxirt* 
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peculiar mode of sexual reproduction, which consists in the roN.TruA- 
TloN of two apjuirently similar cells, resulting in the formation of a 
ZYtiosrouK. They are in this resjHvt sharply distinguished from all 
the other green Algiv, the ( 'him>}fhycei\*\ fn*tn which they may he dis- 
tinguished also by the absence of any asexual mode of spore-formation, 
and by the complicated structure of their green chromatophorcB. The 
unicellular forms present some similarities to the Diatoms. 
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1. In the Desmidiaceae are comprised the unicellular forms. They are 
ornamented with delicate markings, and, like the Diatoms exhibit a great 
variety of form (Figs. 241, 242). Their cells arc eon. posed of two symmetrical 
halves, separated, as a rule, from each other by a deep constriction, the isthmus. 
Each half contains a large, radiate, irregularly defic.ed eh rom atop]] ore’ or a number 
of plate -like chromatophores united into one. WiiAin the ehroniatophores 
are disposed several pyrenoids, while the nucleus lies in the centre of the cell 
in the constriction. The cells themselvr* display a great diversity of form and 
external configuration fFigs. 241, 242). The cell walls are. frequently beset 
with wart- or horn -like protuberances. In some gennra there is no const rio 
tion between the two halves of the cell. This is the ease, for instance, in the 
crescent -shaped Closteriuni mtmilifrruin, (Fig. 212), whose too chromntophores 
consist of six elongated plates, united in the ionga\is of the plant, while in each 



vud of the cell there is a small vacuole cent lining minute crystals of gypsum in 
constant motion. Many Dcsmids arc chai.icterised by heliotio'tie movements; 
they protrude fine mucilaginous threads through the eell walls, by means of 
whieh they can pimli themselves along, and take up a |»osition in a line with the 
direction «»f the incident rays of light. 

Multiplication is effected by cell division. This is accomplished by tie* forma- 
lion of a partition wall across the middle <>( tlo* cel! after the nuclear division is 
completed. Each daughter call * vcntuallv attains the size and form of the mother 
cell, bv the outgrowth of a new ha If on the side towards the new division wall (Fig. 
241, . After the completion of their growth, the two cells separate from each 

ot her. 

The conjugation of the protoplasts takes place, in the case of the lh Hmidiaccae, 
outside their cell walls. Two cells appjoach each other, and gurround themselves 
with a mucilaginous envelope. Their cell walls rupture at the eons trie tion, and 
parting in half allow the protoplasts to eiscaj**, which then unite to form a zygo- 
spore. The zygosjwm * of the I >> sumlincmc frequently J>resent a very characteristic 
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apjiearance, aH their walls are often beset with spines (Fig. 241, C). The four 
empty cell halves may be %^en close to the spore. 

2. Zy< ixkmaceak. — I n this family, all of which are filamentous in character, 
the genus Spirogym , with its numerous secies, is the best known. It is commonly 
found in stariding water, forming unattached masses of intertangled green fila- 
ments. Tlie filaments exhibit no distinction of base and apex, and are (join posed 
of simple rows of cells, which vary in length in different species. Growth results 
from the division and elongation of the cells in one direction only. Each cell has 
a largo nucleus situated either in the peripheral protoplasm or suspended in the 
centre of the cell by protoplasmic threads extending from the parietal protoplasm. 
The name ol' the genus, tipiroyyra, is due to the peculiar spiral form of its green 
band-like chromatophores (Fig. 210, C), The cells of Xtnjnnno contain two star- 
shaped chrornatophorcs. 

Gonjikiation, in the case o f Njiiwjtfrtt. is preceded by the development of con- 
verging lateral processes from the cells of adjacent filaments. When two processes 
from opposite cells meet (Fig. 240, their walls become absorbed at the point 
of contact, »nd the whole, protoplasmic contents of one cell, after contracting from 
the cell wall, passes tluough the canal which is thus formed into the opposite cell. 
The protoplasm and nuclei of the conjugating protoplasts then fuse together and 
forma zygospore invested with a thick wall, and filled with fatty suhstann s and 
reddish -brown mucous globules. It, is the function of the zygospore to act as a 
resting spore, to tide over the winter or a period of drought, and eventually, on 
germination, to give rise to u new filament of Spirwjyrn. This form of conjugation, 
which is the one peculiar t<> most species, is described as scalaiifonn (Fig. 210, A), 
as distinct from the lateral conjugation of some species, in which two adjacent cells 
of the same filament conjugate by the development of coalescing processes, which 
are formed near their transverse wall • Fig. 210, // . 

Cl. ASS \ III 

Chlorophyceae (Green Algae) ( 13 14 ) 

In tht* Chloivpht/cntr art* included the majority of tin* Alga* pro- 
tided with green chromatoplmrcs. They group themsch os naturally 
into three orders, according to the structure of the thallus: the J*roto~ 
nMoitlntf, which include all the unicellular forms, whether living as 
isolated cells or as cell colonies; the f o///# wndau\ comprising forms 
consisting of simple or branched cell filaments or cell surfaces ; the 
Siphonnu\ with a thallus variously developed, hut usually consisting of 
a single, multinucloar, tulmhir cell. 

Sexual reproduction has not been demonstrated for all species of 
the i 'hloroph ifiYitt'. In the simplest cases it is effected by the conjuga- 
tion of naked gamete*, of similar form and equal size. The gametes, 
as distinct from those of the (\>njumhu\ are motile ciliated proto- 
plasts, and are known as 1 * la n < m ■ a m ktks. In other genera there is a 
differentiation of the sexual cells into a female uon-motile egg-cell or 
onsi'tiKKK and a motile ciliated male cell or spkkmatozoid. Examples 
of this advance from isouamy to oogamy are afforded by each of the 
above three orders. 
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In addition to sexual reproduction, the ( 'hhtroplttjww almost 
always exhibit an asexual mode of reproduction by the formation of 
motile ciliated swakm-spokes (zoospores) which resemble the piano- 
gametes. 

The cells in which the swarm - spores are formed are termed 
sporangia ; similarly those producing gametes are designated uame- 
tangia. Cells in which spermatozoids take their origin are termed 
ANTHEHIDIA ; those giving rise to egg-cells, oouonja. if the sexual 
form be derived from an asexual form of reproduction, all these organs, 
as well as those similarly named in the other classes of the Tiiallo- 
phvtes, must be regarded as homologous. 


The Conjinjfttor and (Via raccut , as well as tlu; three order.-* -it' the ('hlarophiitrar, 
also possess green chroma toplmres, and henee the designation tdeeii Alga*, in its 
widest, unrestricted sens* , is also applicable to them. Tin* CV njatat. h«we,ej*. 
are sharply characterised hy their peculiar manner of ,-c\md production. The 
(lavra true also form a distinct group, a.-d are marked off from the C/i/oroji/nfonr 
hy the more highly advanced segmentation of their thallus and the mote compli- 
cated structure of the female sexual organs and of the aiithendia, both of which 
are e.nelosed within special enveloping receptacles, while tlie antheridia and oogonia 
of tht 1 Ch loro/di t/rcar are always devoid of anv e\tcrr. il covering of sheathing 
sterile cells. 


Order 1. Protococcoideae ( 16 > 

The Protocorn w fmv include only unicellular Alga , whose cells lead 
a separate existence, or are united into eell families with a definite or 
indefinite order of arrangement. They oerur, for the most part, as 
freely-swimming, fresh water forms, but arc also found in damp plat es. 
The uninuclear cells have eell walls, and contain one or more, chroma t<» 
phores. In the simpler forms multiplication takes place vegetativclv 
by eell division ; but, in most eases, asexual swarm-spores, provided 
with two cilia, are produced. Sexual reproduction, which does not 
occur in all genera, is effected hy tie conjugation of two exactly 
similar planogamet.es which fus^ into u zygospore or zygote. I he 
fertilisation of an egg by a motile spermatozoid is only known to take 
place in the case of EmtomM and / 

The simplest forms an spheiical. fieedinng e.lK which multiply hy cell- 
division only. The g.-nus fhlorrtfo is particularly inlet-sting fom, a biological 
standpoint also, as Us small found cells live *ymhiot ically in the plasma of 
Infusoria, in the eells of Jlffdro rira/is, Syon'jiUa jlariatifis , atul other lower 
animals. The simplest tvpc of cdheolony. consisting of four c-lls. in peculiar to 
the genus Scatcrfcsnms. The commonest form, St. aro/as, has spindle shaped c ells, 
while the colonies of ,sV. randatus arc distinguished hy four long hornlike pro- 
longations of the eell wall Fig. 2«). ' cpuslucliwi each cell divides in the 

dilu tion of its length into four daughter < “Us, whr h, on escaping from the parent 
cell, form * new colony. 

While Srcnedexntu* is reproduced hy division only, Ptd tantrum ‘Fig. 2\\) 
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may be cited as an example of a genus which gives rise to swarm - spores. 
Each cell-family forms a ftee-swimming plate, composed internally of polygonal 
cells, and on the margin it consists of* cells more or less acutely crenated. 
The formation of asexual swarm - spores is effected in Pidiantrum by the 

division of the contents of a cell into 
a number (in the ease of the species 
illustrated, ]\ t jrauuhitum , into 16) of 
naked swarm • spores, each witli two 
cilia. The swarm-spores, on escaping 
through the ruptured cell wall (Fig. 
244, A , //), are enclosed in a common 
envelope. After first moving vigor- 
ously about within this envelope, they 
eventually collect together and form 
a new cell • family. V&Uustnini pos- 
sesses also a sexual mode of repro- 
duction. The gametes are all of equal 
hi/e. and except that they arc smaller 
and are produced in greater uu miters, 
t hey are «»t herwise similar to the swarm- 
spores. They move freely about m 
the water, and in conjugating fuse in pairs to form zygote*. The further develop- 
ment of the zygotes into cell-families is not set fully known. 



Plo. *2-1!?. — A % ScrnrUmvim* /•', 

melernoinn division; t\ Scninb*itm 
(Alter !SrsN, y 1000.) 


The Voh'oruivw' include also forms who 
colonies, but which, unlike the type of 
the IVntni'ornddrur heretofore considered, 
arc also provided in their vegetative state 
with cilia and surrounded by a delicate 
envelojM*. The cilia, usually two in num- 
ber, project through this external envelope, 
and by meaus of them the Alga* of thi* 
family are enabled to swim freely about, 
lu this respect they continue their vegeta 
live existence in that condition which, in 
the ease of tin* other /Vobw<avo/fb»i/. is onl\ 
assumed transition alb by the swarm 
s|*»reH. 

The 


ell* live either i-ohited or united into 


f 


\ 
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genus Sphurntlfi \Hhi tuatoroveus . 
behmgs to the simplest k* » 1 it «r v forms of 
this family ; the presence of some forms 
of this i particularly »V. on ac. 

count of the h:ematocltro?u«i contained in 
their protoplasm, often impart a bright 
red colour to small ]*ools of water in which 
they are found. Sphanrllu another 

s|n*eiesof this same genus, is also the eau.se 
of the so-called “red-snow” of the snowfidds in high northern latitude* and in 
the Alps. The swarm-cells have a widely-distended envelojH* and two cilia l*»g. 
215, A}, A*e\iwl multiplication is eibvted bv the division of the cell into jour 
motile swarm-spores (if) ; sexual reproduction by the conjugation of small bieiliate 
gametes, of which .‘Vi-64 are produced by a cell, to form a thick-walled zygote 


■»' I * < '« '-n 1 • >>••> > htthJH. ,|, Am oM 

••it taii.iiv : *c «**■!]•, i oiiininutv! s|h>o-h ; >•, 
in riiv.'.H t-\truMoii ( t )u* other 
•’Uh have aloiiilv ili-.i Uaixrv'U t spore*); 
», e**Uf.omlv short Iv after of ii e 

' . rt-t! hour* later. (Attei 

A I . Uhm v, !tO0 ) 
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In Volvox ( le ), which may he regarded as the highest form in the order, the 
free-swimming colonies have the shape f a hollow sphere. The sexual cells are 
differentiated into ova and spermatozoids. The egg-ceds arist hv the enlargement 
of single cells of the colony ; they arc large, green, non -motile cells surrounded hv 



Fill. -4'». — ,-l, Jl, Sfhiirnfh' i>l» ci'il i* ( \ :'»»>()) : .1, nm.tiihii;; cell, /•'. (oiiunl i<ir it swuuii 
C-<;, S)>hneri>1lu llvtsrhU < ; < \ formation of gann O-. ^ x -100): gamete ; <\ < ’injugalinn o< 

gametes ; F, a, zygotes (x sOO). {('•(! after Bi.o, ini \ n \. ) 


a mucilaginous wall. The small spermatozoids an* elongated bodies of a bright 
yellow colour, provided with two cilia at the colourless anterior end ; they arise hv 
the division of a cell of the colony into numerous (laughter cells. After fusing 
with a spenuatozoid within the caxity of the colony the egg eel! is transformed 
into the thick-walled, resting oospore. 


Order 2. Confervoideae 

The ('oMjrWiitifvr exhibit, as compared with the unicellular VruUh 
ati advance in the external .segmentation of the thullus. I< 
is always multicellular, and, in most of the genera, consists of simple 
<»r branched filaments. The filaments are either attached hv a colour- 
less basal cell to the substratum or flout free. The thallus of the 
marine genus / V/v/ (I /m hicfnat % srt hKTrt'i h) has the form of a largo, 
leaf-like cell surface (Fig;. p. I 2 )• Although the greater part of 
the donfrrroith'itf live in fresh or salt water, a few aerial forms (t'linm- 
bpithitc) grow on stones, trunks of tree-, and, in the tropics, on leaves. 
To this family belongs 7'n nlrpnhloi (»u I'JntHflrpns) Joliflnt.^ often found 
growing on stones in mountainous regions. 1 lie cell filaments of this 
species appear red on account of the ha matoclirome they contain, and 
possess a violet like odour. 

The asexual reproduction of the i.\>n)nrni<h,iv is accomplished by 
the formation of ciliated swarm spores, although in many cases they 
may also develop resistant resting spore*. 

Sexual reproduction is effected either by the fusion of piano 
gametes or the sexual cells are differentiated as non motile egg cells 
and motile sperrnatozoids. 

flofhrir zunatn {Fig. *240, A and fJMn (Fig, 217 > an* two of 
the commonest filamentous Alga-. Tie* filament* of / btfhrtx exhibit no pro- 
nounced apical growth : they an* iiiihranched, attached by a rhi/.oid cell, and 
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consist of single >ows of shovt cells. Each cell contains a nucleus and one band- 
shaped, green chromatog^ore in the form of an almost complete hollow cylinder. 

f The clumps of Cladophora , on 
n the other hand* which may attain 

,, the length of a foot, consist of 

branched filaments with apical 
growth. Branches arise from the 
up]»er end of the elongated cells, 
which contain a number of nuclei 
(Fig. 61) and numerous polygonal 
chromatophorcH. Both species are 
, isogam ous. 

j In f 'loth r is k m a la ( 17 18 ) (Fig. 

216) asexual reproduction is effected 

f | \ |( by means of swarm * spores, which 

g have four cilia (C), and are formed 

V ./■ hy division in any cell of the Ala- 
'S iSJKit m»*nt. A single cell produces 1*8 

' swarm -spores, and in the larger 

gw- " \ forms 16*32 swarm -spores may 

sKf j) originate from each cell. The 

^ iKBQL'&Sfiit swarm -spores escape through a 

iffiNS' lateral ojieiiing (/>’) formed hy ah- 

// I *• sorption of the cell wall, and, after 

// \ j swarming, give rise to new filaments. 

// „ -- ! The sexual swarm -cells, or plano- 

£Tv . h\ g Jf gametes, are formed in a similar 

/ V W • manner hv the division of the cells. 

' | ; \V ft lmt in niurli greater mnnWrs. Tht*y 

^ " are also smaller, and possess only 

s i (0gk Wr two 4-ilia (Ab. In other resjHjets thev 

j \) r ff k 'k resemble the swarm -spores, and ]k>s- 

,, ... 41 . 4 .. sess a ml eve-si mt and one chromato- 

Fio, 24S. — 1 lathru s*nnfh r. .4, \ ouuu tUam«<ut until . ’ ‘ 

, rhkoid cell r(xSOfl); «, ]mrtioti of filament with I*« |or **- the conjugation of the 
eaeaping Mwarm-H(M>r**M *, t\ single swarm-* pore ; l), plaiiogamctcs in pairs, zygotes (/-//) 
format Ion anil eacajs* of gamete*; A*, gamete* ; h\tl, are produced, which, after drawing 
conjninttim at tw> khiiiHw : II. *y* j„ t |» ir cilia, rimml themselves oil' 
after period of real; K , Jtygote after division into . . . , .. 

t.MU-r rs, „w..p»»T. K-K k 4*0 a "‘ Wo ""' " “>> “ 

wall. After a shorter or longer 

period of rest the zygotes are converted into unieellular germ plants (*/), and 
give rise to several swarm-spbres (K) t which in turn grow out into new filaments. 
Under some conditions the planogametes can give rise to new plants partheno- 
genetically without conjugating. Further, the filaments can, in addition to the 
nwarin -sjiores with four cilia described above, produce others of smaller size (u\icro- 
z oospores) which resemble the gametes. Them* |»ossess four or two cilia, and as a 
rule die if the temperature of tho medium is above 10 ; ladow this temperature 
they wine to rest after a few- days and proceed to germinate slowly. This Alga is 
thua of interest from the ineomplfetc aexual differentiation exhibited by its gametes. 

The genera ( l9 ) and JhtlbockntU may be quoted as examples of 

oogamou* While the thallus of the latter ia branched, the 

numerous specie* of consist of unbranehed filaments, each cell of 

which possesses one nucleus and a single parietal chromatophore composed of 
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numerous united bauds. The asexual s warm- spores of Ocdoyon ittin are unusually 
large and have a circlet ot cilia around their colourless anterior extremity (Fig. * 
248, B). In this case the swarm-spores are formed singly, from the whole contents 
of any single cell of the filament (A), and emi* by the rupture of the cell wall. 

For the ‘purpose of <e\ual reproduction, oh 
t lie' other hand, special calls become swollen 
and dill’ereiitieted into barrel -shaped oogonia. 




Kit.. IMS. .1. (H ti' ■</«;«(< if HI .* A, ••**«•.** sV.HI 0 1 -- } •< »l J 

/,*. tree suncm-spon*. (\ />. Oo/iHjfnauit ni.uhnn; 

• , tn*fon* ffitilihation ; />, in ptm-os** uf In uleoMIuu ; 
... twi^ouia ; n. tl«iof*ni«l. : \ spftni«lo/"nl. (Afler 
l , KISt-»IIK!V. « H’lO.) 

A single large egg-eel 1 \\ ithacolourle-s leeeptivw 
.spot is formed in each 
oogonium by the t on 
traction of its pmto 
plasm, while the wall 
of tli«' oogonium be- 
comes perforated by 
an opening at a point 

opjmsite til'- leeeji 

tivji Spot of the egg. 

At the same time, 
other, .generally 
shorter, cells of (lie 
same or another li la 
incut become converted into anthcridia. Kach antlieri 
tlium gives rise either to one ur, as is more generally 
the case, to two spermatozoids. The spermatozoid# are 
smaller than the asexual swarm-spores, hut have a similar 
circlet of cilia. They penetrate the opening in the oogonium and fuse with the 
egg- cell, which then becomes transformed into a large, firm -walled oospore. On 
the germination of the oo*|*>re its eou tents become divided into four swarm- 
spores, each of which gives rise to a new cell filament. In the adjoining figure 
(Fig. 249) a germinating oospore of BmlMnnU with four swarm -spore# is re- 
presented. 


Flo. "JIT. — Portion of t'ladofkom 
tjloiHcrrrtv. (x t\) 



F* i. iNi'. - ft iiifft- 

Mttlm. A, Oo»*|Mm; ; ll, 
foimution or four *wsrnj» 
sjMars in tliegfniiiiiatina 
oos|iori>. (Alter i‘itiNo»- 
HfelM, X $50.) 


BOTANY 


PART II 


m 


In some spelies of {hdogorffam the process of sexual reproduction is more com- 
plicated, and the spermaioasoias are produced in so-called dwarf males. These 
are short filaments (Fig. 24 S, C % a) consisting of but few cells, and are developed 
from asexual swarm-spores (ANDKQfpoitEs) which, after swarming, attach them- 
selves to the female filaments, or even to the oogonia. In the upper cells, of the 
dwarf-male filaments thus derived from the androsporcs, spemiatozoids are pro- 
duced which are set free by the opening of a cap-like lid (Fig. 248, Z>, a). 

In consequence of the greater complication in the process of their sexual repro- 
duction, the ooganiouH Conf rrroideae are considered to represent a higher stage of 
development than the isogamous forms. 


Order 3. Siphoneae 

The Siphoneae are distinguished not only from the Chlorophyceae 
but from all other Alga* by the structure of their thallus, which, 
although more or less profusely branched, is usually composed of but 
one cell, or if it is multicellular, each cell contains several nuclei. In 
the first case, the cell wall encloses a single protoplasmic mass, in the 
peripheral portions of which are embedded the many nuclei and 
numerous small green chromatophores. In the class of the Jfypho- 
mjcetc.% the Phymnycdts, or Algal Fungi, exhibit the same character- 
istic structure, and may be regarded as possibly derived from the 
Siphoneae. 

The Siphoneae comprise about forty genera, which, however, do 
not include a great number of species. They live for the most part 
in salt-water, although the species of I’ancheria thrive in fresh- water 
or are fount! as terrestrial Alga*, growing on damp soil. Jiotrydivm 
is also terrestrial, while some forms of the Siphoneae are endophytic, 
and live in the leaves of the higher plants. 

Sexual reproduction has advanced to oogamy only in the genus 
/ \meheria ; in other instances it is isogamous and the conjugating 
gmnetes are alike in form and size. 

The simplest form of the Siphoneae is represented by Jiotrgdium ( JH , t to which 
genus belongs the co»mojH)litan species Hot r yd in m grtt nu latum. This Alga grows 
on damp clayey soil, where it forms groups of green, balloon- shaped vesicles about 
two millimetres in breadth. The vesicles are attached to the ground by prolonga- 
tions from the base, in the form of a branching system of filamentous rhizoids 
devoid of chromatophores (Fig. 250, A ). The cell walls of the vesicle and 
rhixoids of each individual enclose but one protoplast ; this has numerous small 
nuclei, and In the upper part numerous chlorophyll granules which contain 
pyre n< fids when young, but form no starch but a fatty oil. Multiplication may 
take place vegetatively, by budding, resulting in the outgrowth of a new vesicle 
from the aerial portion of the thallus. After enlarging considerably in size and 
sending down rhizolds into the substratum, the young plant let isolates itself from 
the mother vesicle by a new cell wall. Asexual reproduction is provided for by 
the formation of swarm-spores. In this process the whole plant becomes con- 
verted into a single sporangium by the division of its protoplasmic contents into 
numerous swarm -sjvorey, which make their escape through an opening at the apex. 
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Each swarm-spore has two to four chromatophores, hut only a single e ilium, which 
is situated at its anterior, colourless end (Fig. 250, £). The formation fcf a warm - 
spores occurs only when the thallus is covered with water. After coming to rest 4 
the heliotactic swarmers invest themselves with a cell wall and give rijse to new 
plantlets. Whether sexual gametes are also formed not at present certain. 

Klebs has shown that another species, Protosiphon hjry aides, usually occurs 
along with Botrydium. The rhizoid of this species is, as a rule, u 11 branched, and 
it contains a single reticulate chromatophoie. Protosiphon produces planogaiuete*, 
which unite in pairs to form resting zygotes of star-like shaj>e (Fig. 850, C). 

The thallus of Faucheria( w ), the only oogamons genus of the Siphonme, 



Kill. 250.— H, v>> jiotrydium yrttii ttluhnn. A, 
The whole plant; Ii, Kwarm-«iH»re ; (\ 
f roltwi I'luni botryovlfj*, planog&nit H*h ; <i, 
a ningl** garnet** ; b-e, two garo**U** in 
promt* of fusion; /, zygote. (A v - s ; 
It, C x 540.) 



Km. 2'>I. JW'fo'/" A , H A >qwmuigiimj in 

pox-oss nf format wii : tontmlA on of a »wawi’ 

«por»*( ■ *.' >) ; h\ swarm -s | h u-e ( * 25); ih Jsjithm of 
th«* loh.mh-ta is ri]tber»i protoplasm In the anterior 
n»i of Hw sMarm-Mpora( v o.*0). 


. i it i.o/i th<* substratum by means of colourless 
also consists of a single cell attache*! to - r . . , , 

S*X?«t its aerial portion, unlik, that of Mr***", » •*» 

'''““warm-spores of Fouc/ono are develo,.-.! in .- 1 -ial sporangia cut off from 
the swollen extremities of lateral branches by means »l 

A-E). The whole contents of such a strong, urn become converted nto a single 
Tim wall of the sporangium then ruptures at the apex, and 

2 nioTnuclT embedded in an investing layer of colourless protoplasm. 
It s en irely surrounded with a fringe of cilia, which protrude ,,, pa, r.. 
opposite each nucleus (0, Morphologically the ^swarn, -spon* of f com- 

spend to the collective individual *l>ores of Jhtrydmm. 
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The sexual reproduction^ Faucheria is not effected, like that of the other 
Siphoneae, by the cotflfcgation of motile gametes, from which, however, as the 

earlier form of reproduction, it may 
be considered to have been derived. 
The oogonia and antheridia first ap- 
pear as small protuberances, which 
grow out into short lateral branches 
and become separated by means of 
septa from the rest of the thallus (Fig. 
252, o, ft). At first, according to 
Oltmanns, the rudiment of an 
oogonium contains numerous nuclei, 
of which all but one, the nucleus of 
the future egg-cell, retreat again into 
,tbc main filament before the forma- 
. tion of the separative septum. In its 
mature condition the oogonium has 
on one side a beak -like projection containing only colourless protoplasm, while the 
rest of the oogonium is filled with numerous chroiimtophorcs and oil globules. The 



Fio. 252.— Vanthtria, mdlis. Portion of a filament 
with an oogonlutb, o ; antherhiinm, a; ch t ehro- 
tnntophore* ; cell nuclei ; U, oil globule*. 
( x 240.) 



thftlluH imwa UulicaU* the currents of protoplasmic into v- Aertithntarw nwIiterronm. 

itient ; a, goiwitig aja'x of the thallna axis ; 6, 5, you ux (Nat, size.) 

thaHua lohe» ; r, rhlzotUs. nat. size.) 

apical portion of the projection becomes mucilaginous, and is finally ruptured by the 
extrusion of a colourless drop of protoplasm from the egg-cell which, in the mean- 
time, has beeu formed by the contraction of the contents of the oogonium. The 
antheridia, which are also multinuclear, are more or less coiled (a), and open at 
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the tip to set free their slimy contents, which break up into a number of swarm- 
ing spermatozoids. The spermatozoids, which are very small and entirely devoid 
of chromatophores, consist chiefly of nuclear substance. They collect around the 
receptive-spot of the egg-cell, into which one spermatocoid finally penetrates. 
After the egg-cell has been fertilised by the <usion of its nucleus with that of the 
spermatozoid, it becomes invested with a wall and converted into a resting 
oospore. 

The marine Sipkoneae , on account of the more complicated segmentation ot 
their thallus, afford one of the most interesting types of algal development. The 
genus Caulerpa ( ttl ), represented by many species inhabiting the warmer water of 
the ocean, has a thick, creeping main axis or stem. Increasing in length by apical 
growth, the stem-like portion of the thallus gives off from its under surface |jpo* 
fusely branched colourless vhizoids, while, from its upper side, it produces green 
thalloid segments which vary in shape in thy different species. In Caulerpa pro * 
lifer a (Fig. 253) these outgrowths are leaf-like, are frequently proliferous, and 
have only a limited growth. In other species they are pinnately lo’ed or 
branched. The whole thallus, however branched and negmented it may be. 
encloses but one cell-cavity, which is, however, often traversed by a network of 
cross-supports or trabeculae. 

The genus Brytrpftis, on the other hand, has a delicate, pinnately-branehed 
thallus. Although originally unicellular, the thallus develops lateral tubular 
branches that eventually become soptated from it by the formation of transverse 
walls. 

Other marine S Uphoneae become encrusted with calcium oxalate and calcium 
carbonate, and bear a resemblance to coral, c.y. Halim' da Opun.Hu, which re- 
sembles Opuntia on a small scale. Acrtabularia mediterraura p), also one of the 
calcareous Siphoneae , has a stalked umbrella-iikc thallus (Fig. 254) attached 
firmly to the substratum by means of rhizoids. The disc consists of a number of 
closely-crowded tubular outgrowths radiating from the tip of the stalks, in which 
are developed the non -motile squires, tin* so-called a pianos j»ores. These are 
liberated when the disc falls to pieces, and form gainutangiu, and in the latter 
planogamctes, which conjugate in pairs, are developed. 


Class IX 


Phaeophyceae (Brown Algw) ( ,3 a ) 

With the exception of a very few fresh -water sjjecies, the Phueophy- 
cme are only found in salt-water. I hey are all fixed, and attain their 
highest development in the colder waters of the ocean* I hey show 
great diversity in the form and structure of their vegetative body. 
The simplest representatives of this class (a*, the genus Edocarpu #) 
closely resemble the Cwferiwdeae, in having a filamentous thallus 
consisting of a branched or unbranched row of simple cells. Some 
Phaeophyceae, again, have a cylindrical, copiously branched, multicellu- 
lar thallus (el CUdostejjhus , whose main axes are thickly beset with 
short multicellular branches, Fig. 7) ; while in other cases the mult,, 
cellular thallus is band-shaped and diebotomously branched (e.g. Ihdynta, 
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Fig. 8). Growth in length in both of these forms ensues from the 
division of a large apical cell (Figs. 7 and 161). Other species, again, 
are characterised by disc-shaped or globose thalli. 

The Lamimriaceae and Fueaceae include the most highly-developed 
forms of the Phaeophyceae. To the first family belongs the genus 

Laminaria found in the oceans of northern 



Fju. ‘jfift. — Laminaria digit at o, forum 
(iouxtoni) North Hea, (Kethictwl 
OrridSAL.) 


latitudes. The large-stalked thallus of 
the Laminarias resembles an immense 
leaf ; it is attached to the substratum 
by moans of branched, root-like hold- 
fasts, developed from the base of the 
stalk. 

In the ease of Laminaria diijitata (Fig. 
255), and similarly in other species, a zone at 
the base of the palmatcly divided loaf- like 
expansion of the thallus retains its meriste- 
matic character, and by its intercalary growth 
produces a succession of new lamime. Each 
older lamina becomes pushed up and gradu- 
ally dies, while a new one takes its place and 
becomes in turn palmately divided by longi- 
tudinal slits. The large size of their thalli is 
also characteristic of the Laminarias: L. sac- 
charina (North Sea), for instance, is frequently 
.‘1 m. long and the stalk more than 1 cm. thick. 

The greatest dimensions attained by any 
of the Phacophyccac are exhibited by certain 
of the Antarctic Laminariaceae. Of these, 
Macrocyst is pyrifcra (Fig. 256) is noted for its 
gigantic size ; rising obliquely upwards to the 
surface of the water from the sloping sides of 
elevations in the ocean bed ; its floating thallus 
has a length of 200 to 300 m. With the ex- 
ception of a naked lower portion this bears 


numerous long pendent lobes, each of which 


is provided at the base with a large bladder-like float filled with air. Even more 


remarkable, on account of their tree -like character, are the Antarctic species of 
Lessonia, in which the main axis is as thick as a man's arm ; from it are given 
otf lateral branches with hanging leaf-like segments. The plant attains a height 
of several metres, and has a tree like habit of growth. 


The Fucaccac, although relatively large, do uot compare with the Laminaria - 
emt in size. As examples of well-known forms of this order may be cited Fucus 
vesiculotus (Fig. 260, 6), which has a band-shaped, diehotomously branching thallus 
with air-hladders, and Fucus platy carpus without bladders. Both species are 
fastened to the substratum by discoid bold-fasts, and growing sometimes over 1 
metre long, arc found covering extended areas of the littoral region of the sea- 
coast. Sarytmum, a related genus chiefly inhabiting tropical oceans, surpasses 
the other brown tea- weeds, and even all other Alga?, in the segmentation of its 
thallus, and in this respect it bears a close resemblance to the higher plants. The 
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thallus of Sargent shows m fact a distinction into slender branched cylindrical 
axes with lateral outgrowths which, according to their function, 

" foliage, bractea , or fertile segments, or as air-bladders. Varion sS 
Sargassum which have been swept away from the coast by currents, I S 
in large floating masses in quiet regions of the ocean (Sargasso Sea). Sar^nl 
bacciferum is carried even to the coast of Europe. ^ 


The cells of the Phneophijcme have usually but one nucleus, They 
are supplied with a larger or smaller number of chromwphorej 
which, in addition to chlorophyll, contain a brown pigment, l'lnro- 
phaein, which imparts to the Algae a yellowish-brown or dark brown 
colour. Numerous grains of a semifluid substance, to which the nunc 



Fig. 2 M.—Marrocyxlis jiimfi'nu A«. (Orratly mlucni. Aft**r JL.omgi and JIamvky.) 


KCJCOSAN has been given, appear as the product of assimilation. This 
substance appears to be a carbohydrate, and, according to IIanstkkn (' 4 ), 
originates in the chromatophores. Among the more highly-developed 
forms the thallus exhibits a fairly highly differentiated anatomical 
structure. The outer cell layers, ^is a rule, function as an assimilatory 
tissue, the inner cells as storage reservoirs. In some species the axial 
cells of the thallus are arranged in definite strands with sieve-tube 
like elements and true sieve-tubes (-"). 

According to the manner of their sexual and asexual reproduction, 
the Phaeophyceae fall naturally into three orders. 


Order 1. Phaeosporeae ( M ) 

In this order are included the Laminarias, as well as the majority of the other 
Phaeophyceae. Asexual multiplication is effected by moan* of swarm- spores, which 
are produced in large numbers in simple, so-called unilocular sporangia ; they have 
a red eye-spot, a chromatophore, and two laterally inserted cilia (Pig. 257). 
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In addition to unilocular sporangia, mltilocular sporangia are produced in the 
Phacosporeae (Fig. 258). Each cell of the latter produces a single swann-spore, 
rarely several. The conjugation of these swarm -s]H>re« has been observed in some 
genera. On this account these swarm-spores mint be termed gametes, and the 
corresponding sporangia gametangia. The degree of sexual differentiation varies, 
and in some cases the gametes can germinate without conjugating, as was seen to 
occur in Ulothrix among the Chlorophyccae. 

Ectocarpus sHiculosus (Fig. 259) will serve as an example of the mode of con- 
jugation of gametes produced from niultiloeular gametangia. The gametes are 
similar in form, but their different behaviour allows of their destination into male 
and female. The female gamete becomes attached to a substratum, and numerous 
male gametes gather around it (Fig. 259, 1). Ultimately a male gamete fuses 
with the female to form a zygote (Fig. 259, 2-9). This contains after the fusion 
a single nucleus, but two chromatopho.es, and soon becomes attached and sur- 
rounded by a cell wall ; it grows into a new plant. 

In other Phaeophyccac the distinction between the two kin'N of gametes is 
expressed in their shape and size. The Cufleriacca' afford a particularly good 
transition from isogamy to oogamy ( 27 ). 


Order 2. Fucaceae ( M ) 

Asexual reproduction is wanting in this order, while sexual reproduction is 
distinctly oogamous. The oogonia and antheridia, as in Funis ivsinifosus and 
plat y carpus, for example, are formed 

in special flask - shaped depressions f 

termed conceptacles, which are \ ! * . f • 

crowded together below the surface in * 

the swollen tips or receptacles of . \ ■ . , • ' . ‘ " 

the dichotomously branched thallus .. * 

(Fig. 260,/). The conceptacles of ; * 

platycarpus (Fig. 261) contain both ' -r .-j ! ' Mf p 

oogonia and antheridia, while F. re Si- 
mla sus, on the contrary, is direcious. 

From the inner wall of the conceptacles, 
between the oogonia and antheridia, 
spring numerous, unbranched, sterile 
hairs or paraphyses, of which some 
protrude in tufts from the mouth of 
the conceptacle (Fig. 261, p). The 
antheridia are oval in shape, and are 
formed in clusters on special short 
and much -branched filaments (Figs. 

261, «, 262, C). The contents of each 
antheridium serrate into a largo ^ Moi..reiou» con- 

number of spermatozoids, which are 0 epUel« with oogonia of <Htr*rerit w?* (»% and 
discharged in a mass, still enclosed ofanth»'ri<Ha(o)j p, parapby**#. (After 

within the inner layer of the anther- x circa 

idial wall (Fig. 262, Jl). Eventually 

set free from this outer covering, the gjicrmatozoids appear as somewhat elongated, 
ovate bodies, having two lateral cilia of unequal length and a red eye- spot 




. Wl— .4-f, t'ucuf platfmrjtHfl : A , eight egg -veils extruded from the oogonium, still surrounds) 
hy the inner layer of the veil wall ; /?, content* of an antheridium surrounded by the toner 
layer of On* rell wall ; (\ an antheridium lixed to alcohol ami stained with hscmatoxylin ;•/), 
eection of content* of an oogonium similarly treated ami stained ; E, egg-cells get free by the 
rupture uf the inner layer of the oogonium by which they were envelope l when itrat extruded ; 
f, an egg-cell with gj*ernmtoxoid», If, Fw m* i ysu'vImu*: it, *p<vrmatoJ!oids fixed by a 
solution of h aline ; ft. an egg*cell with wperoiatosoids. <»' and f< x C40 ; other figs, x 240.) 



CRYPTOGAMS 


(O) The oogonia (Fig. 261, o) are near .y spherical, and are borne on a abort 
stalk consisting of a single cell. They are of a yellowish-brown colour, and 
enclose eight spherical egg-cells which are formed by the division of the oogonium 
mother cell. The eggs are enclosed within a thin membrane when ejected ftom 
the oogonium (Fig. 262, A). This mmbrarous envelope deliquesces at one end 
and, turning partly inside out, set free the eggs (Fig. 262, £). The spcmmtozoids 
then gather round the eggs in such numbers that by the energy of their move- 
ments they often set them in rotation (F, H). After an egg has bum fertilised by 
the entrance of one of the sperniatozoids it becomes invested with a cell wall, 
attaches itself to the substratum, and gives rise by division to a new plant. In 
the case of other Fucaceae which produce four, two, or even only one egg iu their 
oogonia, the nucleus of each oogonium. accc©ding to Oltmannx nevertheless first 
divides into eight daughter nuclei, of which, however, only the proper number 
give rise to eggs capable of undergoing fertilisation. 


Order 3. Dictyotaeeae 

In this order there are only a few forms (e.g. Didgola tficLotoma, Fig. 8). The 
asexual spores, of which only two or four are formed in a sporangium, are non- 
motile. The sexual organs are differentiated into oogonia and antheridia. Each 
oogonium contains a single egg -cell, which it eventually ejects, The multi- 
cellular antheridia produce a single spennatoyoid iron: each cell ; according to 
Williams (®) this differs from those of the other lirown Sea weeds in j^ssessiiig 
only one long cilium. The process of fertilisation has not as vet been observed. 

Economic Uses. — The dried stalks of the officinal Laminaria (figituta % forma 
Gloustoni (Pharm. germ.), ar* used as dilating agents in surgery. I<>i»ink i* 
obtained from the ash (varer, kelp) of various La mi i.a fiacre and Fucaceae, and 
formerly soda. Many Laminarias are rich in mannjtk (r.g. Laminaria mechttrina). 
aiul are used in its production, and also as an article of food by the ( hi nose and 
Japanese. 

Class X 

Rkodophyceae (Red Algae) ( ,3 *) 

The Rliodophyceue or Florvlede constitute, like the Fh(uoj,h/rme, un 
independent group of Thallophytcs, for whose phylogenetic derivation 
from the lower Algse there is, as yet, no positive evidence. They 
are attached to some support, and almost exclusively marine, and 
specially characterise the lowest algal region on the coasts of all 
oceans, especially in temperate and tropical latitudes. . A few genera 
(e.g. Bairachospernvu w, Ltauwo, UH'lebraiultin ) grow in fresh -water 
streams. 

The thallus of the Red Alga' exhibits a great variety of forms. 
The simplest forms are represented by branched filaments consisting 
of single rows of cells (e.g. Callilhaumum). In other cases the branched 
filamentous tballus appears multicellular in cross-sections. In many 
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* other forms the Phallus is flattened and ribbon- like (e.g. Chondrus 
crispus, Fig. 263 ; (Ju/artina mammillosa , Fig. 264) ; while in still other 

species it consists of expanded 
cell surfaces attached to a sub- 
stratum. 

The forms with more ad- 
vanced segmentation resemble 
the vascular plants externally, 
and exhibit a differentiation into 
a cylindrical axis and flattened 
leaf-like thalloid branches which, 
as in lklemria (Hydrohpathvm) 
san guinea, may even be provided 
with middle and lateral ribs 
(Fig. 9). In the autumn the 
wing - like expansions of the 
thallus are lost, but the main 
ribs persist and give rise to new 
branches in the succeeding spring. All the Florid me are attached at 
the base by means of rhizoidal filaments or discoid hold fasts. The 
thalli of the Cortillinaceae, which 
have the form of branched fila- 
ments or of flattened or tubercu- 
late incrustations, are especially 
characterised by their coral- 
like appearance, owing to the 
large amount of calcium carbonate 
deposited in their cell walls. 

The calcareous Florideac are chiefly 
found on coasts exposed to a 
strong surf, especially in the 
tropics. 

The Vihodophycme are usually 
red or violet ; sometimes, how- 
ever, they have a dark purple or 
reddish-brown colour. Their 
chromatophores, which are flat, 
discoid, oval, or irregular-shaped 
bodies and closely crowded to- 
gether in large numbers in the 
cells, contain a red pigment, nmx)KRYTHRiN, which completely masks 
the chlorophyll. True starch is never formed as a product of assimi- 
lation, its place being taken by other substances, very frequently, for 
example, by Floridean starch, in the form of spherical stratified grains 
which stain red with iodine. Oil-drops also occur. The cells may 
contain one or several nuclei. 



Fin, 204 . — (infitrtum vtnmmUlam. s, Warl>sliA]HHl 
cyKtoeari*. ($ nat. ai/e. Omcixal.) 
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Reproduction is effected either asexually by meant of spores 
sexually by the fertilisation of female organs by male cells. 1 

The asexual spores are non-motile : they have im cilia and are simply naked, 
spherical cells. They are produced, usua’ly, 
in groups of four, by the division of a 
mother cell or sporangium, from which 
they are in time set free by the transverse 
rupture of its walls. The sporangia them- 
selves are nearly spherical or o*’al bodies 
seated on the thalloid filaments or em- 
bedded in the thallus. In consequence ef 
their usual formation in fours, the spores 
of the Floridcar are termed tktkahpokkk 
(Fig. 26f>). They are analogous to the 
swarm-spores of otlier Algre ; similar spores 
are found also in the Dicfyotaccac among 
the brown Algae. 

In the development of the sexual organ*, 
particularly the female, the RhtAophiiceae 
differ widely from the other Alga*, Ru- 
t.rachospcrmum monili/ormr , a fresh-water 
form, may serve as an example to illustrate 

the mode of their formation. This Alga possesses a brownish thallus, enveloped 



Fu.. -CaUithoumLhi •'orjeidxwtiw. .1, Closed 
KjMnumjiuui : IS, empty -i>or»m|:lnm with 
four extruded let nispnre*. (After Tin hkt.) 



Vu.. ‘206. — lint rachoxpf nn u in monihjonn,. A, Male bnu.rh with ai.theridia, '""lafed by pressurr ; 
a apermatiuin ; «, a aperniatium e*ca|wnu born an atitheiidinm ; r, an empty ant beridhmt. 
Jt, female branch with an uufertibwd car|*offoniuit» ; ls»wd j-irthm ; t, trirhogym* of car])0> 
Konium. C, female bnmeh with tertibwil carpotfonium ; the M |wrawtit>ni after the fusion of 
its contents with the trirhogync : feitile filament- developing from the »«mh 1 J* niton nf the 
carpogoniwn. (x 540.) 

in mucilage, and consisting of verticil lately branched filaments. The sexual 
organs appear in the autumn and form m* the branching whorls glomeruli or 
spherical bodies comjiofted of short, radiating branches. 

The antheridia, also known as sp. rmatangia ( Fig. 266, A)< are produced usually 
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in pairs, at the end* of the radiating branches of a glomerulus. Each antheridium 
consists of a single thin-walled cell, in which the whole of the protoplasm, as is 
the rule in all Khodophyccae, is consumed in the formation of one uninuclear 
spxrmatium. The spermatia are nearly spherical, and immediately after their 
discharge from the antheridia (A, v, s) are naked, but afterwards become invested 
with a thin outer membrane or cell wall. They contain a single nucleus, and are 
non-motile, unlike the ciliated spermatozoids of the other Algae, and have therefore 
received a distinctive name. In consequence of their incapacity for independent 
movement, they must be carried passively by the water to the female organs, which 
are situated near the antheridia at the ends of other branches. The female organ 
is called a carpogoniuST {Fig. 266, B ), and consists of an elongated cell with a 
basal, flask-shaped portion (c) prolonged into a filament, termed the trichogyne 
(<). The basal portion contains the egg, which is provided with a large nucleus 
and chromatophore*, while the tricbogyne functions as a receptive organ for the 
spermatia, one or two of which fuse with it, and the contents, escaping through 
the spermatium wall, pass into the carpogoniutn. The sperm nucleus passes down 
the trichogyno and fuses with the nucleus of tin* egg-cell. The fertilised egg does 
not become converted directly into an oosjiorc, but, as a result of fertilisation, 
numerous branching sporogenous filaments (gonimoblasts) grow out from the sides of 
the ventral portion of the earpogonimn. At the. same time, by the development of 
outgrowths from cells at the base of the carpogonium an envelope is formed about 
the fertile gonimoblasts. The whole product of fertilisation, including the sur- 
rounding envelope, constitutes the fructification, and is termed a cystocakp. The 
profusely -branched gonimoblasts become swollen at the tips and give rise to 
spherical, uninuclear spores known as taiipokpocks, which arc eventually set free 
from the envelope. In the ease of Bat rac/ntspcnnum the carjiosporcs produce a fila- 
mentous protonema, the terminal cells of which give rise to asexual unicellular 
spores. These spores serve only for the multiplication of the protonema. inti- 
mately, however, one of the lateral branches of the protonema develops into the 
sexually differentiated filamentous thailus. The production, of a] tores by the pro- 
tonema is analogous to the formation of tetraspores by other FlorUlaw. 

The formation of the eystocarps and carposj tores is much more complicated in 
the case of other genera, lmt in all cases, according to Oi.tmanns, the carpospores 
are descended from the fertilised egg-cell. Theie are thus two generations dis- 
tinguishable in the life-history of the Floridan , the sexual (gametophyte), which 
bears the egg-coils and the spermatia, and the asexual generation (sporophyte 
derived from the fertilised egg-cell ; the latter generation, which produces the 
carpospores, remains in connection with the parent plant. This type of alter- 
nation of generations is comparable with that found in Mosses and Ferns. The 
production of tetraspores is an asexual mode of reproduction of the sexual genera- 
tion and precedes the formation of sexual organs. 

Jhuiremuya core him, which is found on the warmer coasts of Europe, has a 
branched, cylindrical tliallus and will serve as au example of the more complicated 
mode of origin of the spore- bearing generation *Fig. 267 ). The earpogonial 
brandies consist of about seven cells, the terminal one bearing a very long 
tricbogyne. After fertilisation the earpogonial cell grows out into a filament, 
which elongates and becomes branched. This filament fuses with a number of 
*|>ecial cells, characterised by their abundant contents, the auxiliary tells. The 
first of these lie in the earpogonial branch itself, the others in adjoining lateral 
branches. AU the nuclei of the sporogenous filament are derived by division from 
that of the fertilised egg-edl. The successive fusions with auxiliary cells do not 



. 207.— butlrexnixiM rncrinra. A, CarjHtgomul l.ruwh ; c.ti|K^«tniuni ; t. tnchogynu ; /?, carjm- 
gohium after fertilisation, grown out into the *|s>rogenuUH filament (*/); (', fusion of the 
nitrogenous filament with the first auxiliary c*ll<"i); />, branching of the filament and fusion 
with six auxiliary cells (o r o rt ); the « IU 'i T n« are Itriu- mi branches originating from the axut 
hi . Diagrammatic. K, Hij* cluster of can* »-I*>res originating from <me branch. (d-/>, after 
Oltmaknh; A’, after Hornet. A x about 50u; />, *> 250: K, / 800.) 
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involve nuclear fusions but simply serve to nourish the sporogenous filament. 
A second and a third sporogenous filament may arise from the carpogonial cell. 
Two outgrowths now arise from each of the swollen cells of the sporogenous 
filament which fused with auxiliary cells. By further division of these outgrowths 
the spherical masses of carpospores, which subsequently become free, are derived 
(Fig. 267, E). 

Ifarveyella mirabilis ( 31 ), a North Sea Floridean species, is of special interest 
It grows as a parasite on another red seaweed, Rhodomela subfusca , on which it 
appears in the form of a small white cushion -like growth. As a result of its 
parasitic mode of life the formation of cliromatophores has been entirely suppressed, 
and thus this plant behaves like a true Fungus. 

Economic Uses . — Oigartina mammillosa (Fig. 264), with cone-like cystocarps 
2*5 mm. in length, and Ckondrus crispus (Fig. 263) with oval cystocarps about 
2 mm. long, sunk in the thallus, tetraspores in groups on the terminal segments of 
the thallus. Both forms occur in the North Sea as purplish -red or purplish-brown 

Algae ; when dried they have a light - yellow 
colour, and furnish the official Carragheen, 
“Irish Moss,” used in the preparation of jelly. 
Agar-Agar, which is used for a similar purpose, 
is obtained from various Florideac ; Gracilaria 
lichenoides supplies the Agar of Ceylon (also 
trailed Fuats aniylaceus ), Eucheuma spinosnm 
the Agar of Java and Madagascar. 

Class XI 

Characeae (Stoneworts) ( 32 ) 

The Chahaceae, which forma sharply- 
defined group of Thallophytes, distinctly 
characterised by the complicated structure 
of thoir sexual organs, grow in fresh or 
brackish water, attached to the bottom 
tj,nd covering extended areas with a mass 
of vegetation. In some species their 
cylindrical main axes are over a foot in 
length, and are composed of long inter- 
nodes alternating with short nodes, from 
which short, cylindrical branches are given 
off in regular whorls with a similar struc- 
ture, but of limited growth (Fig. 268). 
The lateral axes arc either unbranched 
or give rise at their nodes to verticillate 

°' n * ro , wth8 v econd ° rder - the 

axil of one of the side branches of each 
whorl a lateral axis resembling the main axis is produced. The 
attachment to the sultstratura is effected by means of branching 
rhmoid outgrowths from the nodes at the base of the axes. 
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Both the main and lateral axes grow in length by means of an 
apical cell, from which other cells are successively cut off bv the 
formation of transverse walls. Each of thise cells is again divided 
by a transverse wall into two cells, from the lower of which a long 
intemodal cell develops without further division; while the upper’ 
by continued division, gives rise to a disc of nodal cells, the lateral 
axes, and also, in the lower portion ol the main axis, to the rhizoids. 



Fig. 2 ( 59 . — Cham fmgllis. A, Median l<nigltudiiiiil mitHoii through a lateral avis i , and tin* M"cuul 
organs which it bears ( x 60) ;<(, ttntlHTidium Imrn** on ih«* utnal i»« »*lal cell /*«, by th«* stalk 
cell p ; vt, niaiiuhrium ; ob, an oogonium ; «<>. inula! ceil ; i*j, tin* t*tulk*cHl ; r, pivotal cell ; 
c, the crown. It, a lateral axis bearing axgs of the thiid onlei «;); a, anttwhlluiu ; *♦. 
oogonium. 


In the genus Nitella the long internodes remain naked, but in the 
genus Chara they become enveloped with a cortical layer consisting 
of longitudinal rows of cells which develop at the nodes from the 
basal cells of the lateral axes. 

As a result of the fragmentation of its original nucleus, each inter 
nodal ceil is provided with a number of nuclei which lie embedded 
in an inner and actively moving layer of parietal protoplasm. 
Numerous chloroplasts are found in the internodal cells. 

Asexual reproduction by means of swarm- spores or other spores is 
unrepresented in the Char acme. Sexual reproduction, on the other 
hand, is provided for by the production of egg-cells and spermatozoa!*. 
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The female organs are egg-shaped. They are visible to the naked 
eye, and, like .the Ip&erical red-coloured antheridia, are inserted on 
the nodes of the lateral axes. With the exception of a few dioecious 
species, the Characeae are monoecious. 

The oogonia (Fig. 269, ob) contain a large ovum, filled with Ktareh grains and 
oil-drops ; this is surrounded by spirally wound tubular cells forming the envelope. 
These tubes terminate in the crown (e) between slits in which the spermatozoids 
enter. The antheridia (Fig. 269, a) possess a wall formed of eight flat cells with 
infolded Walls, and produce numerous spirally wound spermatozoids. The latter 
(Fig. 97, A) originate from cells composing long filaments which project into the 
antheridial cavity ; they are unlike those of other Algae and approximate in form 
to the spermatozoids of the Bryophyta. 

The egg, after fertilisation, now converted into an oospore, becomes invested 
with a thick, colourless wall. The inner walls of the tubes become thickened 
and encrusted with a deposit of calcium carbonate, while the external walls of 
the tubes soon become disintegrated ; the brown inner walls of the tubes, 
strengthened by their layer of calcium carbonate, continue as a protective covering 
after the oospore has fallen from the parent plant. 

In a few cases, cjj. Ohara crinit.a , the ovum can develop parthenogenetically 
without being fertilised. Only female examples of this plant occur in Europe. 

The oospore, on germination, gives rise, first to a simple, filamentous row of 
cells, the proembryo. From the first node of the proembryo rhizoids are produced, 
while at the second node there arise, together with a few simple lateral axes, one 
or more main axes, which finally develop into a full-grown plant. 

The formation of tuber-liko bodies (bulbils, starch-stars) on the lower part of 
the axes is characteristic of some species of the (*.. 'ha rtf cent \ These tubers, which 
are densely filled with starch and serve as hibernating organs of vegetative repro- 
duction, are either modified nodes with much shortened branch whorls (e.g. in 
Tolypcltopsi a atclligera, when they are star-shaped), or correspondingly modified 
rhizoids {e.g. the bulbils of Chant aspen i). 


Class XII 

Hyphomycetes (Fungi) ( 33 ' **) 

The llyphomycetes or Eumycetes were formerly classified collectively 
with the Myxomycetes and Schizomycetes as Fungi. They are, how- 
ever, quite distinct from each of these classes, and should probably 
be viewed phylogenetically as representing saprophytic or parasitic 
forms of the Alga*, in which a complete absence of chlorophyll and 
chromatophores has resulted from their maimer of life. Their cells 
are provided with distinct but, in most cases, very thin walls, which 
contain chitin, and have numerous small nuclei dispersed through- 
out their colourless protoplasm (Fig. 62 ). In the cell contents are 
frequently found fat globules and also glycogen, but never true 
starch. Of all the Hyphomycetes the group of the Phycomyceies — the 
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Water or Algal Fungi — although occupying the lowest position, 
exhibit the most evident connection with the Chlorophyceae . Their 
resemblance to the Siphoneae, in particular, is especially pronounced, 
as their filamentous, vegetative thallus consists of a single, simple, or 
profusely branched multinuclear cell. The thallus of the higher 
Ilyphomycetes is similarly formed of much-branched filaments, but’the 
filaments are septate, and so consist not of one cell but of a vow of 
cells. The filaments, whether septate or unseptate, composing the 
thallus of the Fungi are termed HYPH.K ; the whole vegetative portion 
of the thallus formed by them, the mycelium. The hyphoe of a 
mycelium are, as a rule, either isolated or only loosely interwoven ; 
they spread through the substratum in all directions in their search 
for organic nourishment. In many of the higher Fungi, however, the 
profusely and irregularly branching hypha? become so inse]Nt*nh]v 
knotted and interwoven, that they secin to form compact masses of 
tissue. Where the filaments in such cases are in intimate contact 
and divided into short cells, an apparently parenchymatous tissue or 
PSEUDO-PARENCHYMA is produced. Such compict masses of hyphal 
tissue are formed by some species of Fungi when their mycelia, in 
passing* into a vegetative resting stage, become converted into 
sclerotia, tuberous or strand- like, firm, pseudo -parenchymatous 
bodies, which germinate under certain conditions (Fig. 1 00). In the 
fructifications of the higher Fungi the hyplne are also nearly always 
aggregated into a more or less compact tissue (Fig. 105 ). 

The modes of asexual and sexual reproduction found in Fungi 
are more varied than in any other class of the ThaJlophytes. A 
survey of the different types of fructification will at the same time 
exhibit the characteristics of the three main groups into which the 
Fungi are divided. 

1. In the Phycomycetes or Algal Fungi, in which the vegetative 
mycelium is unicellular, except where reproductive organs are being 
formed, sexual organs ar«* present. These are either differentiated 
into oogonia and anthcridia and produce oosjhwcs, or the two con- 
jugating cells (gametes) are similar and form on fusion a zygospore. 
Many species, however, exhibit an imperfect sexuality ; the male 
organs may be wanting or conjugation may not occur, and the spores 
originate parthenogenetically. 

Three distinct forms of asexual spores can be distinguished. ^ In 
most Phycomycetes sporangia are formed from terminal cells of definite 
branches of' the mycelium (sporangiophores). The protoplasmic 
contents of the sporangium divide into numerous sjx>res (endosjiores). 
These are liberated as ciliated swarm-spores in the aquatic genera, 
while in the terrestrial forms the spore possesses a wall and is adapted 
for dispersion in the air. 

Conidia or exospores are found in certain genera which may or 
may not form sporangia also. They arise by abstraction from the 
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ends of branches of the mycelium which are usually developed as 
specialised conidibjSbores, The conidia possess cell walls and are 
distributed by means of the atmosphere. 

The t third form of spore, which only occasionally occurs in 
Phycomycetes , is the chlamydospore or gemma. These arise in the 
most simple way from hyphse in which transverse divisions occur, and 
the resulting cells, usually associated in rows, become separated from 
one another. 

%. The large group of Ascomycetes , in the wide sense, possesses 
sexual organs, which in their typical form appear as oogonia (here 
termed carpogonia) and antheridia. The fertilised carpogonial cell 
does not, however, become a resting oospore, but undergoes develop* 
ment while still connected with the parent plant. Filaments grow 
from it, the ends of which become transformed into asci, which are a 
special kind of sporangium. Here, as in the Floridme , a non-sexual 
generation originates from the fertilised egg cell. 

The ascus (Fig. 27G), so characteristic of this group, is as a rule 
an elongated sporangium in which a definite number of spores 
(usually eight) is formed by free cell formation. In contrast to the 
formation of spores in the sporangia of Phycomycetes , the cytoplasm of 
the ascus is not completely used up in the formation of the asco- 
spores. 

In most groups of Asromycetes the asci, which originate from the 
carpogonium, are associated in special fructifications ; vegetative 
filaments of the mycelium take part in the formation of these. 

Sexual organs are not at present known in all the groups of 
Asromycetes . In certain order* they are entirely wanting, perhaps 
as a result of reduction, so that the asci spring directly from the 
mycelium. 

In many Ascomycetes conidia, or more rarely chlamydospores, are 
formed asexually before the sexual organs or asci have originated. 

3. In the third great group, the Basidiomy cedes in the wide sense, 
sexual organs are entirely wanting. The asexual multiplication takes 
place, not by asci, but by means of conidia, and frequently also 
chlamydospores ; the latter are typically developed in the orders 
I r stil< hjiwve and Uredineae. The Basidiomycetes are characterised by 
the mode of formation of their conidia. These arise on basidia 
(Fig. 288), conidiophores of definite form, consisting of one or four 
cells, and having a definite number of hasidiospores (usually four). A 
further distinction of the basidia from other conidiophores is afforded 
by the fact that in their development two nuclei fuse with one another, 
after which the nuclear divisions giving rise to the hasidiospores ensue. 
Other forms of conidiophore, besides the basidia, may occur in the 
life- history. The more complex Basidiomycetes bear the basidia on 
special fructifications, the origin of which is, however, not dependent 
on a sexual process. 
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The classification of the Fungi i* not y*t completely determined. Probably the 
class is not a simple one and will have to be subdivided into independent classes 
when evidence is forthcoming as to its derivation from distinct orders of Alga*. 
The Ph y corny cetcs appear to be derived from the Green Alga*, the tcomycctfn ah »'v 
certain resemblances to Red Algic, while 'he connect i» s u of the lUitui io ut yeti r * 
cither with Algae or with the other Fungi is at present obscure. 

0. Brefeld, to whose investigations the extendon of our knowledge of the life- 
histories of many Fungi is due, regards the whole class as a single one, H* derives 
the Ascomycctcs, the sexuality ot which he does not recognise from the spoiling i uni* 
bearing Ph y corny cctes, the liasidiomycctca on the other hand from the conidium- 
bearing Phycomycctcs as two apogamous lines of development. Recent investigations 
on the sexual organs o t' Ascomycitcs, and the iieiuonst ration of rosenti&l differences 
between sporangia and asci. are opjxisert to these views. 


Sub-Class I. Phycomyeetes J 35 ) 

The Phycomycetr, s, the uniceliular or non-septatc myevlium of which 
suggests comparison with the Sipf,<nuar ( I'mu'hniti ), arc divided into 
two groups characterised by the nature of their sexual organs. The 
(Jornycetes produce oogonia and antheridia; the ZyyomyrHrs on tin* other 
hand have similar sexual cells, which mav possibly have been derived 
from originally different sexual organs. 


Order 1. Oomycetes 


The genera included m this older live in part as Saprophytes on 


Fu 



•27Q.—Muu‘Mfi>knri* *j>han ««<. End ol tilaui'-ta willi U*nmiial *«»;: 
(<r) : 1, before the formation ot the (^^-<**11^ «*»d h|-rti.ato/o>»jK ; 
and approaching the opening of the <-gomum ; "T- rip* '“W"' 

(After Coiuvr, x sOo.) 


.niuin(o;and an anthendtum 
*J, »|*ernn»t«»*oid*t <*) eacapiiii? 
>, and an amply antherMium. 


decaying plants or animals, in part a* l*arasites in the tissues of the 
higher plants or on insects. 

The three families described below are the most important. 

z 
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1. Only in the email family of the Monoblepharideae ( :t6 ) are free ciliated 
spermatozoids liberated from the antheridia, In the other Oomycetes the multi- 
nucleate contents of the antheridium does not divide into separate spermatozoids, 
but is directly introduced into the egg -cell by means of an outgrowth of the 
antheridium. 

The species of Monoblepharis live in water upon decaying organic matter. 
Asexual reproduction is effected by means of uniciliate swarm -spores, formed in 

large numbers in terminal sporangia. 
The sexual organs have the form of 
terminal oogonia and antheridia borne 
at the tips of certain hypbae ; the 
former contain one egg-cell, and the 
latter numerous uniciliate spermato- 
zoids (Fig. 270). The spermatozoids 
make their escape through an open- 
ing in the antheridium and fertilise 
tie* egg -cell, which then becomes 
transformed into a spinous oospore. 
In the formation of their sexual organs 
there is an evident resemblance, be- 
tween the Mo nob fcph n rid me and 
the algal genus (hdoyonium {Fig. 
21H). 

2. The Saprolcyniaceae ( ;I7 ) , which 
connect on to the preceding family, 
have a profusely branched mycelium 
and live in water upon the surface 
of decaying plants, insects, and even 
ii]Ki]i living fishes. For the purpose 
of asexual reproduction they develop 
terminal club-shaped sporangia, which 
pioiluce numerous Mediate swarm- 
s pores. In the production of sexual 
organs, terminal cells of the mycelial 
hyplia* are converted into spherical 
oogonia, which give rise to a larger 
(as many as 50) or smaller number 
of egg -cells, and less frequently only 
to one. The antheridia of the Sapro- 
It'iniimt' are also tubular, and spring 
from the liyplne, usually just below 
Applying themselves 



potato leaf, with tqK>rangiophore« of Phytoyhthoiv 
in/eihutf projecting from the stomata (x UO) ; i>. 


.. ripe »qK»raugium ; t\ another iu process of ^ u ’ 0u gonia. 
division; f), u swarm-spore. (Ji-P x MO.) to the oogonia, they send out fertilis- 

ing -tubes to the egg -cells, which then 
Inumme converted into thick-walled oosjtores. In some Unproleynieae no anther- 
idia are formed, and in others they only apf*ear occasionally ; in such cases, there- 
fore. the reproduction is parthenogenetic. 

3. The IWonogjtom wr( 5W ) are j)arasitic Fungi whose profusely branched unicellular 
mycelium penetrates the tissues of the higher plants, and is frequently the cause of 
death. Iu damp climates, certain sjxscies occasion epidemic diseases in cultivated 
plants, and are highly destructive. Thus, the mycelium of PhijtopfUhora in festans , 
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the fungus which causes the Potato disease, lives in the intercellular spaces of the 
leaves and tubers of the Potato plant, and by penetrating the cells with its short 
haustoria it leads to the discoloration and death of the foliage and tubers. Sexual 
reproductive organs have not as yet been observed in this species. Asexual, oval 
sporangia are formed on long branching sporangioph res which grow out of the 
stomata, particularly from those on the under side of the leaves (Fig. 271), and 
appear to the naked eye as a white mould. The sporangia, at first terminal, are 
cut off by transverse walls from the ends of the branches of the sponuigiophore, by 
the subsequent growth of which they become pushed to one side, and so appear to 
be inserted laterally. Before any division of their contents lias taken place, the 
tqioraiigia (.//) fall off and are disseminated by tin* wind ; in this way the epidemic 
becomes widespread. The 
development of swarm -spores 
in sporangia is effected onh 
in water, and is consequently 
jfossible only in wet weather. 

In this process the contents 
of the sporangium divide 
into several bieiliate swarm- 
spores ( C, It . Kaeh of these 
s|H>res after escaping from 
the sporangium gives rice 
to a uiye’dium, whHt pene- 
trates the tissues of a leaf 
Tin; sporangium may 
germinate directly without 
undergoing division and 
forming swarm -spore* : it 
then has the value of a single 
sgiorn cut off from • spoio 
phore, and in that ia>» may 
he regarded as a emiidiuin. 

A similar transformation ot 
,H}H»rangia into eonidu is 
found in other of the, P> rou<> 
sparmc as a result of thnii 
transition from an aquatic 
to a terrestrial mode of life, 

Plaswopara vitirotn, in 
extremely destructive parasite, also produce* copiously branched sporaugiophore* 
and occasions the “False Mildew’ of the leaves and fruit of the Grape- vims. 
Albugo carat id a ( 1 'y si opus candid us ), another very common species, occurs Ot: 

t'n»rif<rue, in particular on Capnclfa fnirxa paxtnrin, causing while swellings on 
the stems. In this siss ies the sporangia are formed in long chains on the branches 
of the mycelium under the epidermis of the host plant, and produce numerous 
swarm -sjiores. 

The sexual organs of the Pnmmsparmc show , in the manner of their formation, 
a close resemblance to those of the genus Vouch ria (Fig. 252). They arise within 
the host plant —the oogonia as spherical swellings of the ends of certain hypfan*, 
the antheridia as tube-like outgrowths arising as a rule juat below the oogonia. 
Both are cut off by transverse walls and are multiuueJeate (Fig. 272;. The 
several sjtecies exhibit interesting differences as regards the nuclear change*. In 


OS 
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J7». !'"•*! tllifkftt e fit --f tli*> {‘rrnnuitpun'ue, 1. lUmwvpmv 

jHintHkf/nt. Y* mulMuiK'lcute oogonium (««/) ami slither- 
Alhtfifit mnUutti. Oogonium with the eriilial 
iitiiimrleutt* • -*j.h*re »tnl the fertilising tub** («) of the 
;uitheri<lhitn whub contains the main fiuHetis. ft. The name 
lVrtili»cU egg e*lt (o)*UMoiin»h*«l by the |»en|4AHin (/»). (AfU*» 
WaOKS* * ) 
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Peronospora parasitica . Albugo carulida, and Pythium a single large central egg* 
cell or oosphere becomes differentiated in the protoplasm of the oogonium ; this 
contains a single nucleus in a central position, while the remaining nuclei pass into 
the peripheral layer of protoplasm (periplasm). The antheridium now sends a 
process into the oogonium, which at its apex opens into the oosphere and allows 
the male nucleus to pass into the latter (Fig. 272, 2). The oosphere then 
becomes surrounded with a cell wall (Fig. 272, X), and nuclear fusion takes place, 
while the periplasm is utilised in forming the outer membrane of the spore 
(episporium). In Peronospora parasitica the ripe oospore has a single nucleus, in 
AUmga it becomes multinucWte as a result of nuclear di vision. In Albugo Bliti 
and A. portulacac there is also a central oosphere. surrounded by periplasm, but the 
oosphere contains numerous nuclei, wlm h fuse in pairs with a number of male 
nuclei entering from the antheridium. A multinucbate oospore thus arises from 



►W 273. IthitojiM niffrimn* ( * Uurwr sto- 
Um%frr\ Vorti >« of the niycolittin with 
Um**> Apomugli ; tVmt to the right \* *h«'»i- 
tlittg it# MjKire aid show# tie* jK»rxlHt<'nt 
h*‘mmyih»rical olutuclln. ( - as.) 

as a result of the conjugation of 


the coni] mu nd egg -cell. Albugo tragopo- 
gonis occupies an intermediate position in 
that its oosphere is at first multinucleate, 
but later contains only one female nucleus, 
the others having degenerated. The super- 
fluous nuclei in the oogonia and anthcridia 
may he regarded as the nuclei of gametes 
which have become functioiiless, and are 
comparable with the superfluous egg-nudei 
of certai n Fucaa ae (cf. p. 331). The oospores 
either produce a mycelium directly or give 
rim* to swarm -spores. 


Order 2. Zygomycetes ( 34 - 39 ) 

The Zygomycetes or Mucorincac 
comprise ;i number of the most 
common Mould Fungi. They are 
saprophytic, ami are found chiefly 
on decaying vegetable and animal 
substances. Asexual reproduction 
is effected by non -motile walled 
spores, which either have the form 
of conidia or arise endogenously in 
sporangia. Sexual reproduction con- 
sists in the formation of zygospores, 
two isomorphous gametes. 


The best known and moat widely distributed s]**tu> is Mucor Muodv, frequently 
found forming white fur-like growths of mould on damp bread, preserved fruits, 
dung, etc. Mucar stolonifcr ( ~ Jihiztgnts nigricans), with a brown mycelium, is 
similar. The ft indy -branched mycelium ramifying in the substratum produces a 
number of erect mi branched sporangiophores (Fig. 273). From the apex of each 
xporangiophore a single spherical s]*>rangium is cut off by a transverse wall, which 
protudea into the cavity of the iqwrangium and forms a columella (Fig. 274, 1, r. 
The content# of the sporangium separate into numerous oval #|>ores era lidded in a 
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mass of gelatinous matter capable of great expansion. The wall of the 8{K>rangium 
is easily ruptured, and the spores are discharged by th* swelling of the interstitial 




Flo. *274. - 1. Atuenr Stu #«o<. A ftporniigtmu in <>j>; «*al hmgituduni wH'tion . « odwmcUn ; t*. wall 
of xptningtntu ; #/j, »]*<><«**. 2. Muvt ,»ucilo>tintus A spnangiuni amddmg it« A|*orea ; the 

wall (m) is ruptured, and tin* tnueili«giii«eu» huIwUium* U*t w»<m i h** spore* (r) Ik gteatly swollen. 
(Alt*»r Hmikm.d, 1 • J‘J5, *J v S'*).) Iron* Tavki., Pll/**. 


miss. In r fobofus, which occurs ou dung, the sporangium in forcibly cast off 
from the turgid sporangioplmre. which hursts at the columella 


Ft'-, -- Mmi * Muntdo. Inti* nt 

■»Ugt;* in th*- l'<r»!itttion and geni :«■ 
tion of the zygospore. i, T « o n- 

jugHtmg branch**.* in contact ; 

put ion of the nniugmtlng c*-lK (»» > 
from th** auspeiiKors <fl); 3, s: ire 
advanced stage tti the nfterelopn nt 
of the conjugating (ft) : 4, rip* 

/ygohpurpffr) between the sijhj«i.h u> 
(<t > ; 5, germinating /ygimpm* w tk 
a germ tube bear.ng a H|ioraiignim. 
tAfUf Hkffeu*. I I *• ‘22'> - circa 

(* 0 .) 



Under certain conditions, instead of asexual sporangia, organs of sexual repro- 
duction are produced. The hyp ha* of the mycelium then giro rise to lateral, club- 
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Peronospora parasitica, Albugo Candida, and Pytkium a single large central egg- 
cell or oosphere becomes* differentiated in the protoplasm of the oogonium ; this 
contains a single nucleus in a central position, while the remaining nuclei pass into 
the peripheral layer of protoplasm (periplasm). The antheridium now sends a 
process into the oogonium, which at its apex opens into the oosphere and allows 
the male nucleus to pass into the latter (Fig. 272, 2). The oosphere then 
becomes surrounded with a cell wall (Fig. 272, 3), and nuclear fusion takes place, 
while the periplasm is utilised in forming the outer membrane of the spore 
(episporium). In Peronospora parasitica the ripe oospore has a single nucleus, in 
Albugo it becomes multi nude, ate as a result of nuclear division. In Albugo Bliti 
and A . portulacae ther: is also a central oosphere surrounded by periplasm, but the 
oosphere contains numerous nuclei, which fuse in pairs with a number of male 


nuclei entering from the antheridium. 



Km. 273. • Khiiopu* niyri<xtH* ( Mucor »io- 
Portion of the mycelium with 
three sporangia ; that to the right In 
(ling lt« *»iK»re«i ami *how* th»* |*prKint<'nt 
hamlnpherioal columella. ( - :w.) 

as a result of the conjugation of 


A imiltinudcate oosjiore thus arises from 
the compound egg -cell. Albugo tragopo- 
gonis occupies an intermediate position in 
that it* oosphere is at first multinudeate, 
but later contains only one female nucleus, 
the others having degenerated. The super- 
fluous nuclei in the oogonia and antheridia 
may be regarded as the nuclei of gametes 
which have become functionless, and are 
comparable with I he superfluous egg-nuclei 
of certain Fucaccac (ef. p. ,‘131 ). The oospores 
either produce a mycelium directly or give 
rise to swarm -spores. 


Order 2. Zygomycetes ( 34 * 39 ) 

The Zygomycetes or Mucor inear 
comprise ;t number of the most 
common Mould Fungi. They are 
saprophytic, and are found chiefly 
on decaying vegetable and animal 
substances. Asexual reproduction 
is effect ed by non -motile walled 
spores, which either have the form 
of conidia or arise endogenously in 
sporangia. Sexual reproduction con- 
sists in the formation of zygospores, 
t wo isomorphous gametes. 


The host known and most widely distributed sjKHics is Mucor Mace do, frequently 
found forming white fur-like growths of mould on damp bread, preserved fruits, 
<lung, etc. Mucor Motoni/rr ( ~. Jihizopus nigrica ns), with a brown mycelium, is 
similar. The finely -branched mycelium ramifying in the substratum produces a 
number of erect unbranched H|*orangiophores (Fig, 273). From the apex of each 
aporangiophore a single spherical sporangium is cut off by a transverse wall, which 
protudes into the cavity of the sporangium and forms a columella (Fig. 274, 1, c). 
The contents of the tjiorangium separate into numerous oval s|>ores embedded in a 
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mass of gelatinous matter capable of great expansion. The wall of the sporangium 
is easily ruptured, and the spores are discharged by the swelling of the interstitial 




Km. 274.- 1. M ucor Martin. A ftiKirutigiuiu itt optical longitudinal section; e, columella ; ts, wall 
of &i>unuiginni ; «/», » pores. 2. Muror mucilayineus. A sporangium shedding it spore*; the 
wall (m) is ruptured, and the mucilaginous substance between the spores (*) is greatly swollen. 
(After Hkkkki.u. 1 A *22.1, *2 x 300.) From v. Tavki., Pil/e. 


mass. In Pilobolus, which occurs on dung, the sporangium is forcibly cast off 
from the turgid sporangiophore. which bursts at the columella. 


jo. *27j. Mi't'tt Mtuxrfo. lUfleteiif 
stages in the formation and yermiii.v 
tion of tin* zygospore, t. Two con- 
jugating branches in conten t ; 2, 
septa t on of the conjugating cells («) 
trout he nus|»eii*«i>r.H (ty ; 3, more 
advai e«l stage in the develoj nncnt 
of tin njugatiug cells (n) ; 4, rijx* 

/>go*pore( 6) between the suspe 

(« t ; 5, germinating zygosjxire witjf 
a gen lube bearing a Hpmitngiuui. 
(After Hrkcki.o, I t v 22 f », ft x circa 
r*0.) 



Under certain conditions, instead of asexual s[K>rangia, organs of sexual repro- 
duction art produced. The hyphte of the mycelium then give rise to lateral, club* 
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shaped branches. When the tips of two such branches come into contact, a 
conjugating cell or gamete is cut off from each by a transverse wall (Fig. 275). 
The two cells thereupon coalesce, and fuse into a zygospore, the outer wall of 
which is covered with warty protuberances. After a period of rest the zygospore 
germinates, developing a germ-tube, which may at once hear a sporangium (Fig. 
275, 5). Both the gametes and the zygospOTe are, at least in the genus Sporodinia 
according to Gruber, multinucleate. The behaviour of the nuclei in conjugation 
is unknown. 

Within the group of the Zygomycetes also, a reduction of sexuality is perceptible. 
Thus, in the case of certain Mucorineae , although the conjugating hyphai meet in 
pairs, no fusion takes place, and their terminal cells become converted directly 
into spores, which are termed a zygospores. In other forms again, hypha* 
producing azygosj^res are developed, but remain solitary, and do not, as in the 
preceding case, com© into contact with similar hypha*. There are also many 
species in which the formation of zygospores is infrequent. 

Both the size and number of spores produced in the sporangia of Mncor Mucedo 
are subject to variation. The sporangia of the genus Thamnidium, are, on the 
other hand, regularly dimorphous, and a large sporangium containing many spores 
is formed at the end of the main axis of the sponmgiophore, while numerous small 
sporangia, having but few spores, are produced by its verticillately branching 
lateral axes. The sporangia may at times develop only a single spore, as the 
result of certain conditions of food-supply, and in this way assume the character 
of conidia. This dimorphism is even more complete in the tropical genus Choanc- 
phora. In this case, in addition to large sporangia, conidia are produced on 
special conidiopliores. There are, finally, Zygomycetes (e.g. Chactocladium) whose 
only asexual spores are conidia. In this one group of the Hyphomycetcs , therefore, 
all transitional forms, from many-spored sporangia to unicellular conidia, are 
represented. 


Sub-Class II. Aseomycetes ( 33 » 31 ' *°) 

The production of spores within asci (Fig. 276) is the chief 
characteristic of the Aseomycetes. The mycelium in this group is 
septate. The young ascus has at first two nuclei ; as a result of the 
fusion of these it becomes uninucleate. This nucleus gives rise by 
division to eight nuclei, around which the eight spores form by the 
process of free cell-formation illustrated in Fig. 05. As a rule the 
sjmres form a single longitudinal series, and arc ultimately forced out 
of the ascus, which ruptures at its tip, by the swelling of the surround- 
ing protoplasm. 

In most Aseomycetes more or less complicated fructifications, the 
Ascus-fruits, are formod, upon or within which the asci are found. 
These fruits usually arise from a special organ called the carpogonium. 
In some genera (Sphaerothecoj Fig. 277 ; Pyronemo , Fig. 281) Harper has 
shown that a fertilisation of the carpogonium by an antheridium occurs, 
as De Bauy had before assumed to be the case. Prolwibly this process 
will be found to occur in other members of the group, but it is 
possible that in many Aseomycetes the sexual organs are no longer 
produced. 
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Asco- 


Aseogenous filaments which bear the asci on their ultimate rami- 
fications now arise from the carpogonium. Sterile hypha? which arise 
from below the carpogonium also tako part in the formation of the 
fructification, forming an investment to it. The two sorts of hypha 
are, however, clearly distinguishable. In many respects the 
mt/cetes recall the FI or idea e, in which an 
asexual generation bearing the carpospoies 
proceeds from the fertilised egg-cell. 

The orders of A seamy cites are character- 
ised by the construction of the fructifica- 
tion. 

In the Periytoruteear the small, spherical 
fruits (perithecia) are surrounded by a 
complete investing layer, on the rupture 
or rotting of which the spores are set free. 

In the 1 Hficomycetrs open cup-, club-, 
or hat-shaped fructifications (apoihccia) are 
formed ; the asci are arranged parallel to 
one another in a superficial layer termed 
the hymenium. 

In the Eymaanyeetes the perithecia are 
flask -shaped, the asci springing from the 
base of the cavity. 

In the i'tiheraenn the subterranean, 
tuberous fructifications are closed. 

To these orders must ho added the 
Esoasri, in which the asci arise from cells 
of the mycelium without the formation of 
any fructification, and the very simple Sarrharoutyeefes or Yeast- Fungi. 
These two groups can be regarded as extremely reduced Asamycete s. 
On the other hand they arc frequently associated with the Hernia sei 
of IbiKFKi.n ( 41 ), a number of simple forms in which an indefinitely 
large numlicr of spores arises from the asciis, and placed at the base 
of the whole class. 

The interesting order hihoulbeiiiareae, which has been accurately 
investigated by Thaxtkh( 4 -) should also be mentioned. These are 
small Fungi, consisting of a few cells, living as parasites on insects j 
the carpogonium recalls the similarly named organ in the Florideae , 
and like it is fertilised by means of spermatia. 



Kn*. 27*>. 1’mlion of t li*» hymenium 
of MonMla n, AhH ; 

/>, imrajOiyxe* ; sh, suMiymeninl 
tiMnui', (X 240.) 


Order 1. Perisporiace&e l 3 ** 4S ) 

This order, which includes only Ascomyceles with enclosed fructifications, com- 
prises two families : the Erysiphmc or Mildew Fungi and the Vtriaporicac. 

1. The Erysipheuc form a family of distinctive epiphytic parasites whose 
mycelium, somewhat resembling a cobweb, and ramifying in all directions over 
the surface, particularly the leaves, of higher plants, sends out hauatoria which 
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penetrate tlie epidermis of the host. The ripe ascus fructifications (perithecia) are 
black when mature and Risible to the naked eye. In the simplest forms {e.g. in 
the genus Sphcwrotheca) the spheroid perithecium encloses only a single ascus with 
eight spores. It is enveloped by a covering of sterile hyphtr, forming a sheathing 
layer, two to three cells deep, of pseudo-parenchyma. The genus Erysiphe, on the 
other hand, develops in each perithecium several asci. The perithecia are 
irregularly ruptured at their apices and the spores are thus set free. As Harper 
has shown, the first rudiment of the perithecium consists of an oogonium and an 
antheridium. These are uninucleate cells, separated from the mycelium by 
partition walls, and stand close together. The male nucleus passes into the 
oogonium by an opening which forms in the cell walls (Fig. 277, 1-4.) After 
fertilisation the oogonium is surrounded by investing filaments which spring from 



Fi‘<. *277. - muloguti. Fertilisation ami tl«*vrl<ipm»*iii n| the -peri tired urn. 1, Oogonium 

(«( [/) with the anthem) ini branch (at) applied t>* its nurture ; separation of antheridium (an) ; 
3, jmsHii^e of th** antheridinl unelertM towards that of the oogonium ; 4, union of the nuclei ; 
/», fertiliaeti oogonium tturroniMleil by two layers <*f lit |due derived from the stalk -cell (st) ; 0, 
the multicellular uscognnium derived h> division from the oogonium ; the terminal cell with 
the two nuclei (cm) gives rise to the asms. (After ICaiu kk.) 

its stalk-ccll (5), and the oogonium itself becomes converted into a multicellular 
structure, the aseogonium (6). In Sphaerutheeu tin* ascus containing eight spores 
arises from the terminal cell of the aseogonium, while in Erysiphe this cell pro- 
duces ascogenous hypha* which in turn give rise to the numerous asci. 

Before entering upon the formation of perithecia, the Mildew Fungi multiply 
by means of conidin aba trie ted in chains from special, erect hypha*, from the tip 
downwards. The Mildew Fungus of the Grape-vine, Erysiphe Tuckcri , exhibits 
only such conidial fructifications ; its ascus-fruit has not as yet been found in 
Europe. Its conidial form is known as OUUum Tuckrri. 

2. The Perisporieae are closely related to the Erysiph* a<\ hut are saprophytic 
and live on decomposing organic matter. To this order belong two of the most 
common Mould Fungi, Eurotium herbarium m and Pe nidi Hum gkiucum. Both at 
first multiply extensively by means of conidia before they begin to form perithecia. 

In the ease of Eurotium herba riorum, the conidia are ahstricted in chains from 
a number of sterigiuata arranged radially on the spherical, swollen ends of the 
oouidiophores (Fig. 278). The eouidiophores are closely crowded together, and 
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constitute the white mould, afterwards turniug to a blue-green. The Fungus is 
frequently found on damp vegetables, fruit, bread, etc. 

Pchicillium crustdceum also forms a very common blue-green mould, particu- 
larly on bread. The erect conidiophorw constituting the mould are, in this case, 
verticillately branched and bear at the extremities of each branch flask -shaped 
cells, from which the chains of conidia are abstrieted ^Fig. 278). 

Spherical perithecia of Kurotivm and Prnicillium are produced later on the 



Fn.. C7H. ('t>iiii|io]>lin?«‘M or h'vrotoiw hiriwi in, mu (to the Vvmnlhmn vmsUtmm 

(to the rij;ht). 

mycelium, hut in the case <>( the latter genus they arc only rarely found. They 
are of a much more complicated structure than in Hit* Krysiphcuc. They first 
appear as spiral 1} -coiled fertile hyphu, which soon (after fertilisation ?) become 
enveloped by other sterile Jiyplne. Entirely enclosed by a tissue of pseudo- 
parenchyma, the aseogenous hypha gives rise to branches penetrating the pseudo- 
parenchyma of the ]»eritheeial envelojs- and producing numerous asei containing 
eight small round s[s>res. In the ri|>o ase.us-fniit the, walls of the asei become 
disorganised and also the investing pseudo -parenchyma, except the outermost 
layer, which, by suddenly bursting. Releases the spore*. 


Order 2. Discomy cotes i 33 - 44 ) 

The Discomycrtes are distinguished from the other orders by their open gymno- 
carpous apofheeia, which bear the hymenium, consisting of asei and paraphyses, 
freely exj»osed on their upper surface (Fig. 280). The different groups exhibit 
great diversity as regards the manner of development of their fructifications. 

The great majority of the Discomycetes, of which the genus Peziza, with some 
hundred species, may serve as a type, grow on living or dead vegetable substances, 
especially upon decaying wood, but sometimes also on humus soil. They produce 
saucer-, bowl-, funnel-, or disc-shaped fructifications of a fleshy or leathery con- 
sistence, and usually of small dimensions. One of the largest forms, Pevizn auran - 
tiaca (Fig. 279), has seven centimetre-broad, irregularly bowl-shaped fructifications, 
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which are of a bright ^age-red ^colour, while in most of the other species they 
are gray or brown. Sneh c tip- shaped fructifications are termed apothecia. 



Fiu. 'JSO. -- Lack to n fnilcheniiiw. Apotlmrimn ruptured, 
showing old and young asei between the pHraphyses. 
(After Wokonin. from v. Tavkl.) 



Km. 2SI. — 1'ynnn‘tnn m/irfiiw, .1, Uudiumnt of an npothenum, emisixtiiig of three oogonia (off), 
with trichogyuea (I) and three antheridia (uX Vi, Fusion of the anthcndium and the tip of the 
tnctmgyne. The banal -wall of the trichogyno having lieen ubsorlied, the male and female 
nuclei are grouped in the centre of the oogonium. 1>, Separation of the oogonium from the 
trichogyue by means of n new {tarlitiou wall. Formation of the ascogemms filaments (atf). E, 
lamgitudinnl section through a young apotheeiuu:. A<ci. (After R. Harper. A, E, 
s about i:»0, /{*/> \ aixmt »00.) 


The development of the aj>othecimn may be described lor Ptjroacnui confine ns. 
in which it has been thoroughly investigated by K. Harper. The fruit-body of 
this species is about 1 min. across, and of a yellow or reddish colour ; it often 
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occurs on spots where fires have been kindled in woods. The cai*]>ogonia are especi- 
ally large in this species, and several usually take part in the formation of each 
apothecium (Fig. 281, A). The carpogoniuin consists of the spherical, multinuc- 
leate oogonium, on the apex of which a multi nucleate curved cell, the trichogyne, is 
situated. The cylindrical, multinucleate autheiidium arises below the oogonium ; 
its apex comes into open communication with the tip of the trichogyne by the 
breaking down of the intervening walls. The male 
nuclei first wander into the trichogyne cell, and 
then, by the breaking down of the basal wall of the 
latter, into the oogonium. In the oogonium the male 
nuclei conjugate in pairs with the numerous female 
nuclei, while the nuclei of the trichogyne cell dis- 
integrate. The egg-cell then becomes limited from 
the trichogyne by a new cell -wall and sends out 
ascogenous filaments containing the conjugated 
nuclei. These filaments branch and ultimately ter- 
minate in asci (E), while the sterile hypha* and the 
parapliyses of the fructification arc derived from 
hyphic arising beneath the ascogonium. In this 
case then the oogonium is converted directly into the 
ascogonium, while in the Eryxiphrac (Fig. 277) the 
fertilised ovum is first converted into a multicellular 
ascogonium. In Ascobolua , however, a genus related 
to Pyroncnuc, the ascogonium is to begin with multi- 
cellular, but all the cells empty their contents into 
a single large one, from which the asengenous 
hyphse then arise. Considerable variety exists in 
the structure of the carpogonium and aseogouium ; 
in the Lichen-forming Ascomycetcs (Fig. .*>11) another type of carpogonium is found. 
Further investigations are needed to afford an explanation of these differences. 

The highest development is exhibited by the peculiar fructifications of the 
HclvcJlaccar or Morel Fungi, whose mycelium, like that of the Truffle Fungi, 
vegetates underground in the humus soil of woods, hut prod urns soft wax -like aerial 
fructifications. In the genus Morchc1lu< Morel (Fig. 2*2 j, the fructifications con- 
sist of a thick erect stalk, bearing a club-shaped or more or Jess spherical cap or 
pileus, which bears the hymeniuin, with its eight-spored asci, on the reticulately 
indented exterior surface (Fig. 27tf). The MorcheJlas are edible ( 46 ), in particular 
M. escnJcuta and M. conica. The former has a yellowish-brown cap, ovately spheri- 
cal in shape, and attains a height of* 12 cm. ; the cap of the latter is conical and 
dark brown, and it reaches a size of If* cm. dyrouxitra esculenta , with dark brown 
cap and white stalk, and others are also edible. In their external appearance the 
fructifications of these highly-developed iJixcjmiyf.etfs greatly resemble those of the 
Jiasi diom yeetes. 

Order 3. Pyrenomycetes 

The Pyrenomycetes comprise an exceedingly varied group of Fungi, some of 
which are parasitic upon different ]»ortioiis of plants, particularly on the cortex 
and leaves, and others are saprophytic upon decaying wood, dung, etc., while a few 
genera occur as parasites upon the larvae of insects. The flask -shaped fructifica- 
tions or perithecia are characteristic of this order. The perithecia are ojwsn at the 
top, and are covered inside, at the base, with a hymenial layer of asci and hair-like 
paraphyses (Fig. 283). The lateral walls are coated with similar hyphal hairs, the 
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paraphyses. The sporee eacipe from the peritbecia through the aperture. In tliia 
process one ascus after 4'^)theFelongate8 in consequence of the water absorbed, and 

* discharges its sjx>reg through the opening, 

or the spores are set free within the peri- 
thecia, and are ejected, embedded in a swollen 

The simplest Pyrenomycetes possess free 
peritbecia (Fig. 283) growing singly on the in- 
conspicuous mycelium, having the appearance 
of small black dots irregularly disposed over 
the surface of the organic substratum (e.g. 
Sphcteria and Podospora), In other cases the 
formation of the fructifications is more com- 
plicated ; they arise in groups embedded in a 
cushipn- or club-shaped, sometimes branch- 
ing, mass of compact mycelial hyphoe having 
a dense pseudo- parenchymatous structure. 
Such a fructification is known as a stroma. 

In the life-history of most Pyrcnomycetes 
Hit* formation of perithecia is preceded by the 
production of various accessory fructifications, 
particularly of conidia, which are abstricted 
in different wavs, either directly from the 
hvpluv or fiom special conidiophores, and 
u are esjKvially efficacious* in disseminating the 

Fio. 2S3.~-l'erlthecimiiof ftnh*i«wiji»ti*rtUi Fungi. The conidiophores arc frequently 
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Flo. 283. — l’critheolmn of Pnrfonjrtuvjimimlo 


*" l, "« lh,<ll,,nl "• Al "' i ■ united in ,i emii.liul stroma in tlie form of 

paniphyseii ; periphyse* ; »i, myrHiial . , , , ... 

Iiypfuc. (After v. tavf.l, x 90.) incrustations or wart- or club-shaped mycelial 

masses; they then constitute distinct, coni- 
dial fructifications. A special form of such conidia-fruits are the pycnidia produced 
by many genora. They are small spherical or flask slurped hollies which in structure 
resemble the asoogenous perithecia, 


but, instead of asci, they give rise to 
branched hypltal filaments from the 
apices of which conidia, in this case 
termed i'Wnospokeh or pycnocujupia, 
arc abstricted (Fig. 284, 1, 2). The 
different kinds of fructifications in the 
Pffrt'namyccln usually make their ap 
jiearnnee in succession. 

Chvicrps ]mrpure.a % the Fungus of 
Krgot, is important on account of its 
officinal value. It is parasitic in the 
young ovaries of different members of 
the Ur<nninc<u', particularly of Rye. 
The ovaries are infected in early sum- 
mer by the asoospores ; they become 
overgrown with the hyphal filaments, 
and in consequence are deformed. 
The mycelium sewn begins to form coni' 



Flo. 2SI. - 1 , Coni'liophoTv absti ietinjf conidia, 
from a pycnidium of Crypfogpora hy)*xUrmut. 
(Aftt r Human, x 300.) 2, Pycnidium of .SfnV- 
ktria vbtiucru » in >ert»oal Ration. (After 
Tvi-asne. x 70.) 

Ita, which are abstricted in small clusters 


from short lateral conidiophores ( Fig. 28f», A ). At the same time copious exuda- 
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tioiis of sweet fluid are extruded. Tuis so-called HONEY-DKW is eagerly sought by 
insects, and the conidia embedded in u are thus carried to the ovaries of other 



Fu.. ‘2Hb. — (titrjtt'rro. .4, Mycelial hyplta with comdia; B, ear of Ky« with several rijte 
sclerotia; u sclerolium with *tromata; 1 ) ; longitudinal section of a fructification showing 
numerous j^rithecia ; K, a single |**ntliecium, more highly magnified ; F, anew* with eight 
filiform hjhhvh; C. a ruptured ascii* with escaping spore*; tf, a rdngle *i»ore. (A after 
ilKKKfcU) ; < -II after TVlasxe ; /* photographed from nature. OrriciSA L and PnimxoUH.) 


plants. The eonidial form of this Fungus was formerly regarded as a distinct 
genus under the name of Sphwxlin mjdum. After the completion of this form of 
fructification, and the absorption of the tissue of the ovwy by the mycelium, a 
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sclerotium is eventuaHy^ormed in the place of the ovary from the liyphse of the 
mycelium by their intimate union, especially at the periphery, into a compact 
mass of pseudo- parenchyma (Fig. 106). These elongated dark -violet sclerotia, 
which project in the form of slightly curved bodies from the ears of corn, are 




Vm. 2s<l. Tutor return. A fructification in wrtual MU- turn (x 5); a, the cortex; 
tf, nlf-pttKSfttjeH ; c, dark veins of compact by phi. ; h, asco^Mious tissue : 2, a portion* 
of the liynitMiimn. (After T« i \*\k, from v. T\vki„ \ -ioo.) 

kuown as Ergot, Bccalc cornu turn, (Fig. 285, B). The sclerotia, copiously supplied 
with reserve material (fat), eventually fall to the ground, where they pass the 
winter, and germinate in the following spring when the Kye is again in flower. 
They give rise to bundles of hyphai which produce long, stalked, rose-coloured 
globular heads (C). Over the surface of the latter are distributed numerous sunk 
peri thee ia (/>, £). Each peritheeium contains a number of asci with eight long. 
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filiform ascospores, which are ejected and carried by the wind to the flowering 
ears of grain. 

Officinal. — Skoal*, cornttum (Pharm. germ.) or Eaoor is the selerotium of 
Cl a rkcps purpurea. 


Order 4. Tuber&ceae (Truffles) { u ) 

The Tuhcraceae or Truffle Fungi are saprophytic AscomucHes whose mycelium 
is entirely subterranean, ramifying in humus soil, particularly in woods under 
decaying leaves. The ascus fructifications familiar under the name of truffles are 
underground tuberous bodies (Fig. 280), consisting of a thick, investing, cortical 
layer, enclosing an inner muss in which the club-shaped asci occur (Fig. 286, 2). 
The asci contain only a .small number of spores ; in the case of the true truffles 
(genus Tuber ) they are usually only four in number, and generally have a spinous 
or retieulately-thickened epispore When the fructifications are fully mature, the 
sterile tissue in the interior and also the walls of the asci disappear, leaving the 
ri|»e s] tores enveloped only by the outer cortical layer. 

The fructifications of many of the Tuhcraceae are edible \ 4IJ ), and have an aromatic 
odour and taste. They are, f r the mist part, obtained from France and Italy. 
Of tiie edible varieties, the most i m] tor taut are the so-called black truffles belong- 
ing to the genus Tuba-, viz. Tuber 0rumalc t 
mclanosporum , uctUvuui, me sent eric urn. The 

fructifications of these species have a warty 
cortex of a black, reddish-brown, or dark brown 
colour. The white truffle. (’A. in-mpm mcanrfri- 
formis , is also edible. 

Order B. Exoasci 

The most important genus of this group of 
Aseomyecfes is Taphrina (including fan** sens)* the 
species of which an parasitic on various trees. 

They develop in part annualh beneath the cuticle 
of the leaves, causing discolorations o I these 
organs ; their mycelium persists during the 
winter in the tissue of the host, so that a con- 
stant recurrence of the disease takes place. The 
presence of the mycelium in the tissues of the 
infected part causes the abnormally profuse 
development of branches known as W itches’ 
brooms. Taphrina Carp ini produces the ab- 
normal growths occurring on the Hornbeam ; 

Taphrina epiphylla, those of AIuuh incana. 

Taphrina deformans attacks the leaves of the 
Peach and causes them to curl. Taphrina 
Pruni is parasitic in the young ovaries of many species of Prunu$ t and pro- 
duces the malformation of the fruit known as “ Bladder Plums/’ containing a 
cavity, the so-called “ pocket," in the place of the stone. In the formation of asci, 
individual cells of the copiously - branched mycelium ramifying between the 
epidermis and cuticle of the infected part become greatly swollen. These grow 
into club-shaped tubes, which burst through the cuticle and, after cutting off a 
basal stalk-cell, are usually converted into asci with eight epores (Fig. 287). Th$ 



Fin. 287. -Tophi-; im Pruni. Transverse 
section through the epidermis of an 
infected plum. Four rl]»e asci, a lt a y 
with eight spores, u 3 , a 4 with yeast- 
like coniflia ahstricted from the 
sj»orea; $t , stalk-cells of the asci; 
m, filaments of the mycelium cut 
transversely; cut, cuticle; ep, epi- 
dermis. (After Hadrbkck, x 600.) 
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numerous asci are closely crowded together, and united into a hy menial layer. In 
consequence of theu^cressed turgor, resulting from an excessive absorption of 
water, the ascus* tubes become ruptured at their free extremities and eject the 
spores. 

The spores frequently germinate while still enclosed within the asci (Fig. 287, 
a 9) a 4 ), and give rise hy budding to yeast-like conidia, c.g . in Taphrina Pruni. 

The Exoasei are jwrhaps to be regarded as reduced Ascu/nycetcs , from the life- 
history of which sexuality has entirely disappeared and the sexual organs become 
completely suppressed. 

Order 6. Sacchaxomycetes (Yeast-Fungi) 

The beer, alcohol, and wine yeasts included in the genus Saccharo myccs arc 
siuti^k^nicellular Fungi which assume the form of spherical, oval, or cylindrical 
qJIpBr containing a single nucleus (Fig. 2,. They increase in number by bud- 
off g. No mycelium is formed, though sometimes the cells remain for a time united 
in chains. With free access of oxygpn and at a suitable temperature Yeasts form 
sjKirangia w’hen the nutrient substratum is exhausted; the sporangia externally 
resemble the conidia but contain a few spores. Physiological ly these Fungi are 
remarkable for their power of exciting fermentation of saccharine solutions, alcohol 
and carbon dioxide being produced. The beer yeast is only known in the cultivated 
form ; the wine yeast, on the other hand, occurs regularly in the soil of vineyards ; 
the latter is thetvforo always present on tin*, grapes and ii‘;cd not be added to the 
grape* juice. 

No evidence is at present forthcoming to show that the Yeasts are to be regarded 
as developmental forms of other Fungi. In various members of the Mucorinr.cn *, 
Erou.sci, and lJstilu<jiac,a<\ however, yeast -like conidia which reproduce by budding, 
are known. Possibly the Snir/uiriun i/rcfcs are reduced Asannycdcs. 


Sub-Class III. B&sidlomycetes (34,45,48,49) 

The large group of the Basidiomynff-.< n in the wide sense, consists of 
Fungi, the mycelium of which is septate, as in the Ascomycetes. Sexual 
reproduction is entirely lost. The typical forms are especially char- 
acterised by the formation of basidia, or eonidiophores of definite 
shape and size, and bearing a fixed number of spores, usually four (in 
exceptional cases two, six, or eight). Different forms of basidia are 
met with. 

In the orders Uredinrur and Auncularienr the upper portion of the 
Iftusidium is divided by transverse walls into four cells ; each cell l>ears 
on a thin stalk (sterigma), arising near the upper end, a single spore 
(Fig. 288, A). In the Tremdl\nw x on the other hand, the basidium is 
divided by longitudinal walls into four cells, each of which continues 
into a long tubular sterigma (Fig. 288, B). The basidium in the 
ffymaunnycetrs and (id Arrowy tries is unicellular, and bears as a rule four 
spores at the summit ; these may be sessile or situated on sterigmata 
(Figs. 288 C, 294). The developing Iwusidium contains two nuclei, 
which fuse with one another. By the division of the nucleus formed 
in this way the nuclei of the spores arise. 
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Brefeld distinguishes the divided basidia as protobasidia, the 
undivided as autobasidia. 

In one family of the Ustilagintae the basidia are divided, and not 
always strictly four-celled ; in the other the basidia are undivided. 
The number of spores pro- 
duced is not a definite one, 
but often very large. * On 
this account Brefeld terms 
these conidiophores, henii- 
basidia, and group? the forms 
belonging to this order as 
JI* inilnt*ii/n. He regr.rds 
them as preceding the typi- 
cal Un tv Horny aie.% and among 
the latter would consider 
the forms with protobasidia 
a* more primitive than those 
with autobasidia. 

In jiddition to conidio- 
phores differentiated as 
basidia, the UotvHounjMtr^ 
produce other forms of ton 
idia as accessory fructifica 
tion.N in many 
t ’hlamydospores 
appearing in the 



Km. 288. hast- 1 in ot Kn'it^hyUnm Euphorlmn' silmtime 
(/I), Trnnil'tt httfsi'iiis (/>'), un<l TomenMhi yntu ulnta 
(('), ImOoii n*s|»i*<*tivt'l.v to tin* or«li>r8 Umlinent, 
Tnmrllhtnu’, and // iinu-iuoiif/cetes. (.1 after Ti'i.ahnk ; 
/., C after Uhkkfi.h, from v. Tavi:l ; A, 1 / x 4. r »0 ; Cx 
3A0. ) 

•pec it s. 

a»i important part in the two first orders, 
Uufim'ne as the brand spores, and as three forms 
of rust spore in the Vftdinnte. In these groups the basidia arise directly 
from the germinating (hlamydospores (Figs. 288, ./, 289, li). In 
other Uasiriiomym Its, if a few simple forms are disregarded, the basidia 
are always borne upon or within (G<t$Ur<onytrh‘t) more or loss compli- 
’ fructifications. 


Order 1. Ustil&gine&s (Brand Fungi) 

% 

The Uttilafjinear are parasites, and their mycelium is found ramify- 
ing in higher plants, usually in definite organs, either in the leaves 
ami stems, or iu the fruit or stamens. The Graminme in particular 
serve its host plants for the Brand Fungi, certain species of which are 
in a high degree injurious to cereals, and produce in the inflorescences 
of Oats, Barley, Wheat, Millet, and Maize the disease known as smut. 

At the end of its period of vegetation the mycelium of the Brand 
Fungi produces in or upon the host plant the so-called brand spores by 
the formation of additional transverse walls, and by the division of its 
profusely branched hypha? into short swollen cells (Fig. 289, A ). The 
cells become rounded off* and converted into spores, while their cell 
walls undergo a mucilaginous modification. The spores * thus sur- 

2A 
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rounded by gelatinous envelopes, which, however, eventually disappear, 
then become invested with a new, thick, double wall, consisting of a 
thin colourless Sndosporium and a thick dark-coloured exosporium. 
In this way the mycelium is transformed into a dark-brown or black 
mass of spores. As regards the manner of their formation, the brand 
sporea may be regarded as chlamydospores. The brand spores are 
resting spores, they are scattered by the wind, and germinate only 
after an interval of rest, producing conidiophores in the succeeding 
spring, the formation of which is characteristically different in the 
two families of the Brand Fungi, the Ustilaginaceae and the Tilletiaceae. 




Of the UatilagiiMccac, the most important genus is Ustilago. U. scgetum ( = U. 
causes the mildew and blasting of the inflorescence of Oats’, Barley, Wheat. 

ilium penetrates the ovary enclosed by the palese, and forms dark-brown 
ike masses of escaping brand spores in the place of the seeds. U. Maydis 

produces on the stalks, leaves 
and inflorescences of the Maize 
tumour- like swellings filled 
with brand spores in the form 
of a black powder. Other 
species live on the leaves of 
different grasses ; while U. 
'Holncea (= U. nnthcrarum) 
occurs in the anthers of 
various Carophylhtcme (e.g. 
Lychnis), and tills the pol- 
len-sacA with brand spores. 

The Brand spores of Usti- 
lago fall to the ground, and 
after a period of rest give 
rise, on germinating, to a 
short tube which becomes 
septated by three or 
transverse walls (Fig. 5 
and functioning as a < 

200) : />, nn aggregation of budding cotiidin ( x 350/ (After phore, produces egg - shaped 
nnr.KKcn, from v. Tavkl.) conidia, both laterally from 

the upper ends of the inter- 
mediate cells, ami also from the tips of the terminal cell. When abundantly sup- 
plied with nourishment, and also on cultivation in a nutrient solution, conidia are 
continuously abstricted in large numbers (Fig. *289, C), and then multiply further 
by budding in the manner of yeast cells (C, /)). After the food-supply of the 
substratum is exhausted, the conidia grow out into mycelial hyph*. The germina- 
tion of the conidia in the damp manured soil of the grain fields is accomplished 
during a saprophytic mode of existence, but the hyphal filaments which are eventu- 
ally produced become parasitic, and penetrate the young seedlings as far as the 
vegetative cone, where the inflorescence takes its origin. Then the mycelium 
continues its development, and ultimately terminates its existence by the pro- 
duction of brand sjtores. No conidia are formed on the host plant itself. 

The life-history of the Tilletiaccac is similar to that of the Ustilaginaceae . The 


Fin. ‘2H0.— A, Ustilago olimeea. Mycelial bypha in process of 
forming brand ajiorew (x 400). JbD, Ustilago srgetum: U, 
geminating brand fq»ore ; <7, cultivated iu nutrient solu- 
tion (x 450); t, transversely septate conidiophores with 
lateral and terminal conidia (c): (', germinating brand 
spore lying in the nutrient solution aurrouuded by ab- 
stricted conidia, which are multiplying by budding (x 
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best known species are Tilletia Tcitici ( — T, Caries) and Tilletia laevis t the Fungi 
of the stink-brand of wheat. The brand s]>ores of these species are also produced 
in the ovaries, from which, 
however, they do not escape, 
but remain enclosed within 
them, filling the apparently 
healthy grains with black brsnd 
spores, smelling like decayed 
fish. In the first-named species 
the brand sj>ore.s are provided 
with a retieulately thickened 
epiiqmre ; those of T. lanns, on 
the other hand, are smooth- 
walled. Unlike the Ustilaym - 
mvf<r, the gerru-tube gives rise 
only at its apex to filiform con- 
idia, which are disj»osul in a 
whorl, and consist of four to 
twelve Hj>ores (Fig. 290, 1). 

The eonidia also exhibit the 
peculiarity that they coalesce 
with one another in pairs in 
an H-l'orm. Such cell fusions 
also occur between germinating 
eonidia of the l r $t ilayi n>*<c, but 
arc not accompanied by nuclear 
fusions. The filiform eonidia 
germinate readily, and prndtn •• 

Mckle -shaped eonidia at tin- 
apex of the germ tubes. When 
abundantly supplied with food material, the germ-tubes grow into largo niycelia, 
from which such sickle - shaped < onidia are so abundantly alwtricted that they 
haw* the appearance of a growth of mould. Thus Tillctia , unlike Vdilayo t pro- 
duces eonidia of two forms; but in other particulars the development of both 
groups is tin* same. 



2**0 .- -Tilletift Tritivi. 1, Germinating brand Kj>ore f with 
miHi-ptate conidinphore CO and apical filiform eonidia (c) 
ixfino); a germinating filiform coiiidiuru bearing a 
siekle-sliaped conidium (* 400) ; 3, portion of mycelium 
with sjekle- shaped eonidia ( < 3f»0). (After Urekku>, 
from \ . Tavkl.) 


Orders. Uredineae (Rust Fungi) ( M ) 

The Fungi of this order are ali Injurious jmrasites. Their mycelium lives in 
the intercellular s juices in the tissues of the higher plants, particularly in the 
leaves, which then acquire a sjs»tte<l, rusty appearance. The Rust Fungi are 
closely allied to the Brand Fungi. Like them, they produce chlamydospores which 
break through the tissue of the host and form the rust sjwts characteristic of these 
Fungi. The process of chlamydds) tore- formation, as exhibited by the Uredineae , 
undergoes extensive and complicated modifications ; very frequently three distinct 
forms of chlamydosjtore are produced by the same Fungus, at the same time or in 
succession. 

1. The TEi.ErT 08 i*oi:E* (winter spores) which, as typical chlamydos pores, prob- 
<*’ «bly constitute the original form of spoils [teculiar to ail the species, are invested 
with a thick wall. They are formed at the ends of numerous, closely-clustered 
mycelial hypha? which rupture the epidermis in small, usually more or less round 
* »I*ots. They are frequently joined together in rows of two or more (Fig. 292, 3, 5, t), 
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and are produced in late summer, toward the close of the vegetative period. They 
germinate in the apring And develop at once basidia, bearing four spores (Figs. 288, 
A; 292, 2). V n 

2. The uredospores (summer spores) arise in the same or similar positions to 
the teleutosjwres, hut precede them in development. They germinate immediately 
after their dissemination, producing a vegetative mycelium, and provide for the 
multiplication of the Fungus during the summer. They are unicellular and 
enveloped only with a thin wall (Fig. 292, 5 and 6). 

3. The Ascimos pores, which arc produced, prior to either of the other two 
forms, in special fructifications or jecidia, germinate, like the uredospores, directly 
after they have been set free. The teeidia (Fig. 291) arc small, at first closed, but 
afterwards ojhjii and cup-shaped bodies ; they rupture the epidermis of the host 



Fm. 2tM. — Pucci nia yruminis. .Kcuiiuin on lU rfa ri# viihjm ,> . ty, epidermis of lower surface of leaf ; 
m, intercellular mycelium ; p, perulinn* : >, i ins of spores, (x 142.) 

plant, and contain a hymciiium of closely-crowded mycelial branches from which 
chains of round or polyhedral spores are produced by a process of septation. The 
enveloping layer or PKKtMt'M of the teeidia is formed of the peripheral hyphte, 
wltie.h remain sterile. 

Uredospores and teeidiosporcs diiler from the tc.lcutosjsjves only in their manner 
of germinating vegetatively j in the jnodeof their formation they are to be regarded 
as ehlamydospores, which serve a distinct biological purpose in the dissemination 
of the Fungus. They have probably been evolved from teleutos]»ores ; occasionally 
transitional forms between teleutospores and uredospores arc found. 

In the life-history of the Urediutae provided with Mich trimorphous chlamydo- 
sjwres still another asexual s poriferous fructification occurs, resulting in the pro- 
duction of eonidia. In this ease the conidia are formed in pycxipia similar in form 
and structure to those exhibited by many of the higher AscomyccUs. The pycnidia 
produce internally minute conidia on filamentous conidiophores, the so-called 
PYCKorpoke* or pycnoconioi a. The pycnidia were formerly called sjiermogonia, 
and the sjiores, which were thought to Ik* sexual cells, were then termed spermatia. 
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The pycnoeonidia are discharged from *he mouth of the spherical or flask -shaped 
receptacle (Fig. 293) ; their further development on the host plant is still unknown, 
hut they can 1 m* induced to germinate in a nutrient solution. The pycnidia appear 
in spring with the a*cidia, but .somewhat earlier and on the upper side of the leaf, 
while the apcidia develop on the under side. 

The Vralincae thus exhibit a great variety of asexual spores, as in addition to 



.. *J* »*J. /*!»«•/»,*« 'n<rni,n‘*. 1, TrwiH\#‘p«* *<♦*<’ t ion through a gran*. haulm with group of teleuto- 

Mjsnvti : 2, germinating t**Mitor|>ore with two hanulia ; 3, vegetative, 4, fructifying germinating 
tvr»*i«lioHjx>re ; \ a portion of n group of urwlonporctt (»#) atcl telcutOHpor*»K (<); p t the germ* 
|*>r**s : **, germinating ur*'«losi«or**. < I, 2, 3, 4, after Tci.ahxe; 5,0, after De Hary, from v. 
Tavci, ; ] i:,o, 2 x circa 230. X * « '.TO, x 300. 0 x 300.) 

tb** three ehlamydoH]»ore forms they produce two other kinds of conidia, viz. those 
formed in the pycnidia and on the hasidia. The dillVrent spores usually succeed 
each other, according to the seasons ; lecidiosjioreH and pycnoeonidia in the spring, 
uredosporcs in summer, and telcutosjioivs in autumn, which in the following spring 
develop hasidiospores. The latter germinate at once, and the mycelium penetrates 
the host plant and produces in turn a*cidia, pycnidia, etc. AScidiospores and 
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uredospores provide for the dissemination of the Fungus during the vegetative 
period. \ * 

All the different forms of spores arise in the course of the year, either on the 
same host plant, or the pycnidia and secidia may occur on one host plant, and the 
uredospores and teleutospores on another, often unrelated plant. In the first case 
the parent Fungi are termed at'tcecious ; in the latter instance they are heter- 
o&cious, and an alternation of hosts occurs. 


An example of an lietercecious Rust Fungus is afforded by Puccinia graminis , 
the rust of wheat. It develops its uredospores and teleutospores on all the green 
parts of Qramincae , especially of Rye, Wheat, Barley, Oats, to which its parasitic 



mycelium is extremely injurious. The 
tecidia and pycnidia of this species are 
found on the leaves of the Barberry 
(Herberts vulgaris). In the spring the 
hibernating double teleutospores give 
rise to transversely septate basidia, 
from which the four basidiospores are 
abstrieted (Fig. 292, 2). These are 
scattered by the wind, and if they hill 
on the leaves of the Barberry they 
germinate at once. The germ -tube 
penetrates the cuticle, and there forms 
a mycelium which gives rise to pycnidia 
on the upper side of the leaf (Fig. 
293), ami to .ecidia on the under side 


Fio. 298.— J'ucHnitt graminis. Transverse suction (fig. 291). This form of the fungus 
of a leaf of Barberry with a pyenidlum in is known as A Ecidium Bcrberidis. On 


longitudinal section (x 150) ; r, escaping pycno. t j u , rU j )tim . 0 f the peridium the reddish - 
spores , l , a portion of the hyiueiiiuin of the yt ,jj ow j^idiosiiores are conveyed hy 
pycnidium <x 225) ; 8, germinating pycnospores * 1 J J 

with K«»v«ral oil globules shown in the long to the haulms of grasses, 

g«nn*tube ( x 300). (After v. Tavel.) upon which alone they can germinate. 

The mycelium thus developed pro- 
duces, jiarticiilarly on the leaf* sheaths, primarily uredospores (Fig. 292, 5). 
They ate unicellular, studded with warty protuberances, and provided with four 
equatorially disposed germ-pores. In consequence of the reddish -yellow fat globules 
contained in the protoplasm of the spores, the fructification forms red markings 
(formerly termed Uredo linearis) on the epidermis of the host plant. The uredo- 
spores are capable of germinating at once on the same or other cereals, and thus 
the rust disease is quickly spread. Towards the end of the summer the same 
mycelium produces the black, thick-walled teleutospores, which in this species arc 
always double, being united in juurs. Each telrutospore is provided with one 
gerin-pore, and on germination in the succeeding year the cycle is begun afresh. 

The mycelium of the Uredo form may hibernate in winter wheat, and thus the 
rust may appear in the spring without the previous formation of basidios[>ores or of 
weidia. 


Other Rust Fungi, like Ihtecinia graminis, common on Gramineae, and having 
a similar de velopment, are P. Jlubigovtra ( = P. st ram in is), with the aeeidium form, 
AEadium Aspcrifolium , on the Boragineac, and P. coronata, with the corresponding 
form, sEcidiuin Jthamni, on Bha mtius. 

All Uttdinme do not exhibit so complicated a course of development as Puccinia 
graminis* Certain species produce only basidia from germinating teleutospores, or, 
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in addition to teleutospores, only uredospores which are developed on the same 
host. Others produce pycnidia and wcidia, and afterwards teleutospores, hut no 
uredospores. 

In the case of the heteroecious species, it is only possible to demonstrate the 
connection between the different spoie-founs by means of culture experiments. So 
long as the relation of the different forms was not known, it was customary to 
designate each by a special generic name : the Uredo forms as Uredo; the iEcidia, 
according to their structure, as jEeidium, Jtuestelia , Periderinium etc. The 
generic name is now determined by that of the teleutospores, as they exhibit the 
most characteristic distinctions. 

Order 3. Auricularieae 

The basidia, as in the case of the l/reditieae, are transversely septate, with four 
spores. But few forms are included in this order. Among the most familiar is 
Auricular la samhucina (Judas’ ear), found on old Elder stems. It has gelatinous, 
dark-brown fructifications, which are shell-shaj>ed and bear on their inner sides 
the basidial bymenimu. 

Order 4. Tremellineae 

The lmsidia ar«* longitudinally divided (Fig. 288, />'). The hymeniunt is situated 
on the surface of the fructifications, which are generally gelatinous and irregularly 
Inbed nr folded. "Hie few genera included in this order are saprophytic on decaying 
wood and tree-trunks, from whose surface the fructifications are produced. 


Order 6. Hymenomycetes 

The basidia are undivided, ami bear four sjKjres at the apices of slender sterig- 
mata (Fig. 291. sp\ In the 
simplest forms these auto 
lmsidia spring directly from 
the mycelium, hut in the 
majority of cases stalked 
fructifications surmounted by 
a cup- like expansion the 
riLEUs, are produced, whnh 
ls.»ar definite hymenial layers, 
comjtosrd in addition to the 
lmsidia of paraphyaes (Fig, 

294, p., and al-o of sterile 
cystitis (c) or club-shaped 
tubes characterised by their 
larger diameter and more 
strongly thickened wall. In 
this order, in contrast to the 
Uredincac , the formation of 

chlani^dosporea is of rau v%n.fA*\.—UuuuUim)mt. Portion of the hymenium. sh, Muh- 
occurrence. and is eorresjioiid- hymenial layer; b, basidia; $, sterlgmata; tp, spores; p, 

ingly of sul>onlinate inijjort- paraphym ; r, a cyatld. (x &40). 

a uce. 

Most of the Hymenomycetes develop their profusely branched, white mycelium 
in the humus soil of forests or in decaying wood, and produce fructifications, often 
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of considerable size, protruding from the substratum. The mycelium of the forms 
vegetating in the .soil spreads further and further, and dying in the centre as it 
exhausts the foodlbaterial of the substratum, occupies continually widening con- 
centric zones. In consequence of this mode of growth, where the development 
has been undisturbed, the fructifications which appear in autumn form the so- 
called fairy rings. A few Hymenomycetes are parasitic, and vegetate in the bark 
or wood of trees. Of such parasitic forms Armillaria mellea , whose mycelium 
vegetates between the bark and wood of Conifers, is a familiar example. The 
profusely branching mycelial hypha* undergo a remarkable modification (Fig. 295), 
and become interwoven into flat, black strands from which fine, hair-like liypha? 
are sent out and penetrate the wood for the absorption of nourishment. It is 
from these strands, known as Khizomoupha, that the stalked, capitate fructiiica- 


j# 

m 



Fig. liftr *. — rmilloria melUo. Por- 
tion of a rhlzomorph* strand (/•) 
with mature (<i) and young (h) 
fructifications. (After Haktio, 
from v. Tavki. ; | nat. size.) 



through tin* periphery of a stein of Varriniu m ; *•/«, 
epidermis; /•, cortical parenchyma; n, mycelial liyplhe ; 

protruding tmtudiu without stcrigmata ; /»' , with 
rudimentary stcrigmata ; with four spores. (Alter 
Worosin, x 020.) 


tionsare eventually produced. In addition to the subcortical strands, subterranean 
mycelial strands are developed which pervade the soil and infect the roots of 
other trees. Tho rhizoinorphs may also be regarded as a form of selerotia. 

The Ilyins nomycctcs are further classified according to the increasing com- 
plexity exhibited in the structure of their basidial fructifications. 

1. In a few genera no distinctive fructifications are formed, and the autobasidia 
spring ill irregular groups directly from the mycelium. Exohasidium 1’aeciuii {'’•) 
may 1m taken as a type of this form. The mycelium of this Fungus, which is 
widely spread in Europe, is parasitic in the Erimecat , especially on sjiecies of 
Vaccinium ; it causes hypertrophy of the infected parts. The basidia are formed 
in groups under the epidermis, which they finally rupture (Fig. 296). In this 
genus, as in many others, accessory fructifications are developed, and as spindle- 
shaped eonidia are abstricted before the formation of the basida from the mycelium 
on the surface of the host plant. 
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2. In the group of the Thclepkoreae, distinctive fructifications of a simple type 
are found. They are composed of closely interwoven hyphne, and form on the 
trunks of trees either flat, leathery incrustations bearing the hymenium on their 
.smooth upper surfaces; or the flat fructifications Income raised above the sub- 
stratum and form bracket-like projections, which frequently show an imbricated 
arrangement, and bear the k$ menium on the under side (r.ij. Stereum hir$ulum y 
<»mmon on the stems of deciduous trees). 

3. The fructifications of the Claw* ieoe form erect whitish or yellow-coloured 
bodies, either fleshy and club- 
shaped or more or less branched, 
resembling coral ( Civarttr , Fig. 

297). The larger profusely 
branched forms of this group 
are highly esteemed for their 
edible qualities ; in particular, 

Clara ria flora, whose fleshy, 
yellow - coloured fructifications 
are often ten centimetres high, 
also Clara ria hot rifl is (Fig. 297) 
and Sparassi* rrisjia, w hich grows 
in sandy soil in Pine woods, 
having fructifications half a 
metre thick, with compressed 
leaf-like hranchcx 

A. The Jfi/i/roar June friuti 1K*7- f lora, hot nilis. (Xat. siw.) 

ficatiuns with spinous projec- 
tions over which the hymenium extends. In the simpler forms the fructifications 
have the appearance of incrustations, with spinous outgrowths projecting from 

the upper surface; in other eases they 
have a stalk termed the stick, bearing 
an umbrella -like expansion, the I'll.ixs, 
from tin* under side of which the out- 
growths depend. The latter form is 
•’xhibitinl by the edible Fungi Hydnam 
nahtirat om. which lias a pilous lf» cm. 
wide, and Jhplnam repmulum (Fig. 
with a yellowish flesh-coloured 

pilous. 

f». In the Polf/porrar the stalked or 
sessile and bracket- shaped fructifications 
.ire indented on the^under side with pit- 
like depressions, or deep winding passages, 
or covered with a layer of tubes, closely 
< iieducea **tted together and lintel by the hymenium. 
* * To this family Imlongs the genus Boletus , 

which has a large, thick - stalked pilcus, covered on the under side w ith a 
layer of narrow dependent tubes. Although many species of this genus arc 
edible {e.tj. B. r chi l is), others arc exceedingly jansonous, in particular 2?. 
Satan as |( Fig. 301). This latter Fungus lias a yellow to reddish - purple stalk, 
with red reticulate marking" above, while the pilous, which may be 20 cm. 
wide, is yellowish-brown on its upj*»r surface, but on the under side is at first 
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blood-red, be<x>ming*later orange- red. Of the numeroas species of the genus 
Poly form , Pt^ment&rius, Touch- wood, is officinal. Its mycelium is parasitic 
in deciduous trees, especially the Beech, and produces large, bracket or hoof- 
shaped perennial fructifications, 30 cm. wide and 15 cm. thick. They have 



Flu. 209. — Volyporu* iyniarim. (Section through an old Flo. 300 . — V sail iota cuw/pestris (— Aya~ 

fructification, showing annual zones of growth ; a, rims camjmtris). To the right, a 

point of attachment. (J nat. Hizc.) young fructification. (Reduced.) 


a hard, gray external surface, hut inside are composed of softer, more loosely 
woven hyplue, and were formerly used for tinder. The narrow tubes of 
tho hymeniuni arc disposed on the under side, of the fructifications in successive 



Kits. 301. — Hot ft ns Saturn*. (After Kkomiuiolz. £ nat. size. Hoiso.xtti's.) 


annual layers. /’. ujniarius (Fig. 209), which is often found on Willows, and 
has a similar structure, has a rusty-brown colour, and furnishes, as it is much 
harder, a poorer quality of tinder. 

Many parasitic Volyportac are highly injurious to the trees attacked by them > 
thus JitftrobamUon attnomm often causes the death of whole forests of Pines and 
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Sprue*? Firs. Merultv a locrynians (**) is an exceedingly dangerous saprophytic 

species, attacking and destroying the timber of damp houses The mycelium of 
this Fungus forms large, white, felted masses, giving rise to outspread, irregularly - 
shajved, pitted fructifications of an 
ochre or rusty -brown colour, and 
covered with a hyiuenial layer. 

Good ventilation of the infected 
space is the best remedial measure. 

6 . Th& Atjarieineaf, which in* 
elude the greatest number of species, 
have stalked fructifications, com- 
monly known as Mushrooms and 
Toadstools. The under side of the 
pilous ln*ars a number of radially 
disposed lamella* or gills which are 
covered with the Iwsidia-produeing 
hymenimu. In the early stages of 
their formation tlu* fructifications 
consist of nearly spherical masses of 
interwoven hyplue. in which the 
stalk and pilcus soon become differ- 
entiated. The rudiments of the. 
stalk and pilcus are at first enclosed 
ill a loosely woven envelope, the 
Vo tv v. Ill the course of t he further 
development and elongation of the 
stalk the Milva is ruptured, and its 
torn remnants form a ling or sheath 
at the has** ol tlu* stalk, hut it) Km. 302. -Auumitn ntuw.ri". ($ nttt. size. /V/ w/aota. ) 
many cases its development remains 

rudimentary. In the “Fly Mnshiwom," Amanita muscaria, the volva is well 
develop'd, ami after its rupture it is still traceable in the white scales conspicuous 
on the red surface of the pilcus, ami also on the swollen base of the stalk (Fig. 

•m. 

In addition to the volva many Ayarici nrae develop a so-called vkm;m, consisting 
«>f a thin membrane of hvptial tissue which extends in young fructifications from 
the stalk to the margin of the pilcus, hut is afterwards ruptured, and remains as 
a ring of tissue encircling tin stalk fFig. 300). 

Many of the. Mushrooms found growing in the woods and fields are highly 
esteemed as articles of food. Of edible sjsries the following may Is? named: the 
common Field- Mushroom, now extensively cultivated, Psalliota canqtcatria (Fig. 
•h.K>‘, with whitish pilcus and lamellm at first white, then turning flesh-colour, and 
finally la-coming chocolate-coloured ; Cantharellus cibariua , having an orange- 
coloured pilcus : LacluriuK delieiosu*, which has a reddish-yellow pilous, and 
contains a similarly coloured milky juice in social hyphal tubes ; Lepiota proerra, 
whose white pilaus is flecked with brown scales. 

Of the i«)isonous Agaricinenr the following are l»est known : Amanita muscaria 
» Fig. 302; ; Amanita butbusa, with whitish or yellowish pilous and the stalk 
swollen at the base ; Itumila cmrtica, with a red pileus and white lamella* ; Lac- 
tarim torminosn*, having a shaggy yellow* or reddish-brown pilous and white 
milky juice. 
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Jlozites ()onfjylophora r form# in South Brazil, is of especial biological interest. 
According to A. Mollkjl this* species is regularly cultivated in the nests of the 
leaf-cutting ants. Its mycelium produces spherical swellings at the ends of the 
hyphas, which Income filled with protoplasm, the so-called Kolil-rabi heads, and 
serve the ants as food material* The ants prevent the development of the 
accessory conidial fructifications peculiar to this Fungus, and thus continually 
maint$yi the mycelium in their nests in its vegetative condition. The fructifica- 
tions, which rarely occur on the nests, resemble those of Amanita >» use aria, with 
which JlozUes is nearly allied. According to Holtermann, the mycelium of 
Affnrieus rajap is cultivated in their nests by termites in tropical Asia ( w ). 

Officinal. — Polyporus fumentarius (Frjtors rimsriwnisrM). J^lyporus offici- 
nalis Boletus laric-isf given Auaukts album, Aovkicinfm, and Aciufm 
AuAuicnruM. 

Orders. Oasteromycetes ( 4B ) 

The Ctyitcromycetcs arc distinguished from the Jlymrnomycetcs by their angio- 
carjMHi s ft enclosed fructifications, which open only after the s]>ores are ripe, 1»y 



Flo. a*»3. -I, 'rU reform m rultftnc, fructification: it. LkmUiu of sum*. (After Tcix^xr.) 
8, : 4, ■ prnnuU&ns. (1,3. 4 nat. t* enlarged.) 


the r upturn of the outer hyphal cortex or I’KRiwrM. The *jiores are formed within 
the fructifications in an inner mass of tissue termed tin* cleiia ; it contains 
numerous chaml»ei>. which are either filled with loosely interwoven hyjdne with 
lateral branches terminating in hasidia, or whose walls are lined with a hasidial 
hvmenium. 
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The GaMcromycetcs are saprophytes, and develop their mycelium in the humus 
soil of woods and meadows. Their fructifications, like those of the Hymenomyceles , 
are raised al>ovc the surface of the substratum, except in the group of the Hymeno- 


yastreae, which possesses subterranean, tuberous fructi- 
fications resembling those of the Tubcracca*\ 

The fructifications of the different genera exhibit 
great diversity in their structure and mode of formation. 

The fructifications of Scleroderma rnfgare (Fig. 803) 
have a comparatively simple structure. They are nearly 
spherical usually about 5 cm. thick, and have a thick, 
light brown, leathery peridium which finally becomes 
cracked and ruptured at the apex. The g.cba is black 
when rij>e, and contains numerous chambers filled with 
interwovefi hyphai which produce lateral, pear- shaped 
lusidia with four sessile spores (Fig. 303, 2). This 
species, which is considered jKiisonous, is sometimes 
mistaken for one of the Truffle Fungi. 

The genera Bovista and Lycoocrdon (Fig. 303, 3) (Puff- 
balls) have also spherical fructifications, which are at first 
white, and later of a brown colour. In the last-named 
genus they are also stalked, and in the case of Lycoocrdon 
Bn vista may even become half a metre in diameter. 
The peridium is formed of two layers ; the outer dis- 
appears at maturity, while the inner dehisces at the 
summit. The hymenial layer of hasidia, in the Fungi 
of this group, line the chambers of the gleba. The 
chambers are also provided with a fibrous capillitium 
consisting of brown, thick- walled, branched hyplne which 
spring from the walls, and aid in distributing the spores. 
The fructifications are edible while still young and 
white. 

In the related genus (J easier (Earth-star) (Fig. 303, 
4) the peridia of the nearly spherical fructifications are 
also couijKised of two envelopes. When the dry fruit 
dehisces, the outer envelope splits into several stellate 
segments and the inner layer of the peridium becomes 
perforated by an apical opening. 

The highest development of the 'fructifications is 
exhibited by the Phalloidcae ( M ), of which Phallus im- 
piulicus (Stink-horn) is a well-known example. This 
Fungus is usually regarded as poisonous, hut no poison 
ous effects have been proved. It was formerly employed 
in a salve as a remedy for gout. Its fructification re- 
calls that of the Discomycetous Morchclla , but it lias 
<juite a different manner of development. A fructifica- 
tion of this species of Phallus is aliout 15 cm. high. It 



Fio. I'haLlux inijnulicutt. 

(After Khombholz, £ nat. 
size.) v 


has a thick, hollow stalk of a white colour and is per- 


forated with j»ores or chambers. Surmounting the stalk is a hell-shaped pileus 
covered with a brownish -green gleba which, when ripe, is converted into a slimy 
mass (Fig. 304). When young the fructification forms a white, egg-shaped l>ody, 
and is wholly envelojied by a double- walled peridium with an intermediate gelatinous 
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layer* Within the . PBfifbiUM (also termed volva) the hyphal tissue becomes 
differentiated into th* axial stalk and the bell-shaped pilcus, carrying the gleba in 
the form of a mass of hyphal tissue, which contains the chambers and basidial 
hymenium. At maturity the stalk becomes enormously elongated, and pushing 
through the ruptured peridium raises the pileus with the adhering gleba high 
above it. The gleba then deliquesces into a dropping, slimy mass, which emits a 
carrion-like stench serving to attract flies, by whose agency the spores embedded 
in it are disseminated. 


Class XIII 

Lichenes (Lichens) ( M “) 

The Lichens are symbiotic organisms ; they consist of higher 
Fungi, chiefly the Ascornycetes, more rarely Hamlunnycete s, and uni- 
cellular or filamentous Alga?, Schizophyceae or Chlorophyceae , living in 
intimate connection, and together forming a compound thallus or 
CONSORTIUM. Strictly speaking, both Fungi and Alga? should be 
classified in their respective orders ; but the Lichens exhibit among 
themselves such an agreement in their structure and mode of life, that 
it is more convenient to treat them as a separate class. 

In the formation of the thallus the algal cells become enveloped 
by the mycelium of the Fungi in a felted tissue of hyphte (Fig. 305). 
The Fungus derives its nourishment saprophytically from the organic 
matter produced by the assimilating Alga ; it can send haustoria into 
the Algal cells, and so exhausts their contents. The Alga, on the 
contrary, derives a definite advantage from its consortism with the 
Fungus, receiving from it inorganic substances and water (cf. p. 212). 
From the symbiosis entered into by a Lichen Fungus with an Alga, a 
dual organism results with a distinctive thallus, the form of which, 
influenced by the mode of nutrition of the independently assimi- 
lating Alga, differs greatly from that of other non-symbiotic Hypho- 
mycetes, and rather resembles that of Alga? and Liverworts. 

In their adaptation to the requirements of the two constituent, 
members, the thalli of the Lichens exhibit a variety of forms which, 
although sometimes made use of as a means of classification, are of no 
value in indicating natural relationships. 

The simplest Lichens are the filamentous, with a filiform branched 
thallus consisting of algal filaments interwoven with Fungus hypha?. 
An example of such a filamentous form is presented by Ephefo 
ptilwscenn, which is found growing on damp rocks in short, delicately 
branched tufts. 

Another group is formed by the gelatinous Lichens, whose 
thallus, usually foliaccous, is of a gelatinous nature. The Alga* 
inhabiting the thalli of the gelatinous Lichens belong to the families 
of the Chrottcormcear and Xostocacrae, As is characteristic of the 
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Nostocs, their cell walls are swollen, forming a gelatinous mass * 
traversed by the hyphae of the fungus. The genus Collema is an 
example of this group. 

In both the filamentous and gelatinous Lichens the Algfe and 



Fj<;, 805. — Xtt n thoria jtarietina. 1, Germinating aseoaiiore (#p) with branching gcrm-tubc applied to 
the Cyst'icrx'dis celln (a) ; 2, ti tall us in process of formation, fj>, two ftftruMporeA ; j>, ('yshtcvtrvs 
cells. By the fusion of the hyplm* in the middle of tin* mycelium, a pseudo- parenchymatous, 
cortical layer has begun to form. (After Honnikr, from \. Tavkl, x 500.) 

Fungus hyplia? are uniformly distributed through the thallus, which 
is then said to be unstratified or homoiomerous. 

The other Lichens have stratified or HKTKROMEROUS thalli. The 
enclosed Algse are usually termed gonidia. They are arranged in a 
definite gonidial layer covered, externally, by a cortical layer, 
devoid of algal cells and consisting of a pseudo-parenchyma of closely- 
woven hypha?. It is customary to distinguish the three following 
forms of heteromerous Lichens. 

1. Crustaoeous Lichens, in which the thallus has the form of an 
incrustation adhering closely to a substratum of rocks or to the soil, 
which the hyphse to a certain extent penetrate. 

2. Foliaceous Lichens (Fig. 300), whose flattened, leaf-like lobed 
or deeply-cleft thallus is attached more loosely to the substratum by 
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mean# of rhizoidHike hyphse (rhizines), springing either from the 
midSe only or irregularly from the whole under surface. 

3. Fruticose Lichens (Fig. 307), with a filamentous or band-like 
thalltis branched in a shrub-like manner and attached only at the base. 
They ant, either erect or pendulous, or may sometimes lie on the 
surface of the substratum. 

In theitf natural condition the germinating spores of the Lichen 
Fungi appear to be capable of continuing their further development 
only when they are enabled to enter into 
symbiosis with the proper gonidia. For a few 
genera of Lichens, however, it has been de- 
termined that the Fungi sometimes exist in 
nature without the presence of the Algae ; it 
has been shown that the tropical Lichen, Corn 
pamnitt (Fig. 313), whose Fungus belongs to 
the order Ilt/mmawj/crfe^ may produce fructi- 
fications even when deprived of its Alga, which 
have a form resembling those of the Fungus 
genus Thelpplwro. Small thalli have also been 
successfully grown from the spores of certain 
Lichen-forming Ascomycetes, cultivated without Algae and supplied 
with a proper nutrient solution. 

Many Lichens are able to multiply in a purely vegetative manner, 
by means of loosened pieces of the thallus, which continue their growth 
and attach themselves to the substratum with new rhizines. The 
majority of the heteromerous Lichens possess in the gonidial layer 
another means of vegetative multiplication by forming soredia. In 
this process, small groups of dividing gonidia become closely entwined 
with mycelial hypha\ and form small isolated bodies which, on the 
rupture of the thallus, are scattered in great numbers by the wind 
and give rise to new Lichens. 

The fructifications of the Lichens are produced by the consorting 
Fungi, not by the vegetating Alga*. The Fungi belong in nearly 
every case to the Ascomycrtm, in only a single genus to the Jfymcno- 

Mt/Cf {(>,<. 


Km. —Xanthnrln /xt rift hut 
on a piece of bark. (Nat. 
sm>.) 


1. Ascolichenes 

Only ft few genera of Lichens have tl ask -shaped peritheoia, the Fungus belong- 
ing to the Pffrfnomitct'U'S (Kndoca /*/>«», 1’nrucariu \ Most genera produce, as 
the ascus-fruit of their Fungus, cupular or discoid ftj>othceia, sessile or somewhat 
depressed on the thallus. In struetuve they resemble those of the Pczizcae (Fig. 
230), and hear on their upper side an hyineniuni of asci and paraphyses. One of 
the commonest species of fruticose Lichens belonging to this group is I's/tca 
bitrhttiu the Beard Lichen, frequently occurring **n trees and having large, fringed 
apotheoia (Fig. ;K>7). AVer lia ti net aria, found widely distributed on the rooks of 
the African coast and East Indies, has an erect, vermiform, forked thallus from 
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which litmus and orchil (orseille) are obtained. Cetrcria ishtndica, Iceland Moss 
(Fig. 308), occupies an intermediate position between the frutieose and foliaeeous 
Lichens. It has a divided, foliaeeous hut partially erect thallus, which is of a light 
bluish green or brown coloui, whitish on the under side* and bears the apothecia 
obliquely on its margin. This Lichen is ♦bum 1 in mountainous regions in the 
northern part of the Northern Hemisphere, and also at Cape Horn; it has an 
officinal value as a demulcent Xanthoria parietina (Fig. 306) may be taken as an 



• l.ttihnltt. Apotlicijuni. Eh.. IMS. — (‘ttrur-'i tslomhat. up, Aputliccimn. 

(Nat, size.) (Nat. si/c. OFFirtx.il..) 


example of one of the commonest of the foliaeeous Lichens. The thallus is orange 
yellow in colour, and bears numerous apothecia on its central portions. Urnphin 
snu'pfo may* be cited as a well-known example of tin* erustaceous Lichens ; its 
grayish white thallus occurs on the bark of trees, particularly of the Beech, on 
whose surface the apothecia arc disposed as narrow, black furrows resembling 
writing. To the erustaceous Lichens belongs also SphacrothtiUia tscuhttfa, grow- 
ing on rocks in the steppes and deserts of North Africa and Asia. The thallus 


falls into small pieces the size of a pea ; scattered by the wind they are utilised by 
the Tartars in the preparation of earth- bread. 

A peculiar mode of development is exhibited bv the genus Cfutfonta ( fl7 w hose 
primary thallus consists of small Horizontal scales 

attached directly to the ground, from w hich rises an 9 

erect i*>rtion, tlie podethm, of varying form and strue- 
t ure in the different species. In some eases the podetia ^ ;gT 
arc stalked and funnel-shaped, bearing on tin* margin j r*w ,-jT 

or on outgrowths from it knob-like apothecia, whieli foa, 

in (*. ptfjruiufa arc brown, in C. wccifrrn (Fig. 309; ^ T*&- 

bright red. In other species the erect podetia are j 

slender and cylindrical, simple or forked ; in C. rnmji- 

frrina Reindeer Moss, which has a world -wide dis- ..... 

■ ., ! ....1.1 , n X- *1 Ho. 8 m*. — < huhnnu rncnfrm. 

tnhution, jmrti. ulaily in tlx- tundras ol tlie North, ,, Hcal.-» of frimary tlwlle.. 

the {KMletia are finely branched (Fig. 310), and bear (N*t. size.) 

tlie small brown apothecia at the ends of the branches. 

Frequently the podetia of this species and often also of the others remain sterile, 
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and the ascogenous hyphae, although differentiated in the interior, do not succeed 
in producing ascL 

The ascus-fruati^cations (apotliecia or perithecia) of the Lichens originate, as 
Stahl ( w ) was the first to prove, from carpogonia which are frequently present in 
large numbers on young lobes of the thallus. The carpogonium (Fig. 311) is here 
a multicellular filament, the lower part of which is spirally coiled, while it con- 



Fio. 310 ,— Chulnitiv mwfp/m >wt. J, Sterile; 
/{, with ancon- fruit at the cutis of the 
branches. (Nut. ni/.e.) 


sp 



Flu. SltS. — Section through a n|wrmononluin (.«/*) in 
tin* timlluaof AtuiptifrhUt riliitri* . c, cortical layer ; 
m, medullary layer ; j», gonidinl layer, (x y©.) 



Fiu. :tll. — Collrmu rrigpum. .1, OirjK)- 
tfoiiium (c) with its tricho^yne (0. 
(\ 40.*».) Ji, Apex of the triclmgyii 
with the si*ennatimn («) attached 
( x Hi*#.) (After E. Balk.) 


limit's above into a trichogyne coinj>osed of elongated cells, and projecting from 
the surface of the thallus. All the cells are uninucleate and communicate with 
one another l*y means of pits. Those of the lower part of the filament contain 
abundant protoplasm. A]>art from their multicellular nature these structures 
recall the onrjRjgonia found in the Fhrkhur. The spennatia, which originate in 
spermogunia, are presumably the male sexual cells. The spermatia are round or 
rod shajssi cells abstricted from the ends of hyplue, which line the sj»ermogonium 
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(Fig, 312) ; after their liberation they conjugate with the adhesive tip of the tricho- 
gvne (Fig. 811, 2?). After conjugate the spermatia appear empty and their 
nucleus has disappeared. When this has taken place the cells of the trichogyne 
collapse, while the cells of the coiled carj>ogomuni swell, undergo divisions, and 
form the ascogonium. From the latter the ascopenous hyphre which bear the asci 
are produced. The vegetative hyplue composing the fructification and the para- 
physes originate from hyphm which arise below the carpogoniuni. The fructi- 
fication may arise from one or from se veral c&rpogouia. The behaviour of the 
sexual nuclei requires further investigation. When the sexual organs of Lichens 
are compared with those of the Ascomycctrs , it is noteworthy that tubular anth- 
eridia (such as those of the Erysiphcae and l'yronci'>a) have not been observed in 
the former group. The male sexual cells of Lichens have an entirely different 
origin, and are more readily compared with the spermatia of the Elorideac . The 
spermogonia and spermatid further correspond eloseh in their structure with the 
pycnidia and pyc nos pores of the Ascomycctes and the Urcdincae. It has even been 
shown by A. Muller that the spermatia of Lichens can germinate and produce a 
mycelium. On this account Bkkfelp and Muller regard the spermatia as conidia 
and dispute the sexuality of the Lichens. 


2. Hymenolichenes ( 59 ) 

The Ilyincno/iehnus are represented only by tho tropical Cora pavonia, of which 
the genera Didyoncna and Laudatea are only specially differentiated forms. Tho 
Fungus of this Lichen belongs to the family Thelcphorcac (p. 365) ; its flat, lobed, 
and often imbricated fructifications are 
also found entirely devoid of Alga*. In 
symbiosis with the unicellular Alga 
Cltroococcus , it forms the fructifications 
of Cora pavonia (Fig. 313), resembling 
those of the Theleplioras with a chan- 
nelled, basidial hymenium on the under 
side. Associated syiubiotically, on the 
other hand, with filaments of the blue- 
green Alga Scytonema , if the Fungus pre- 
ponderates, it produces the bracket-like 
Lichens of the Dirty one ma form, found 
projecting from the limbs of trees 
with a semicircular or nearly sphericitl 
thallus composed of radiating liyphal 
threads, and having the hymenium on 
the under side When the shajxi of 
the thallus is determined by the Alga, 
a Lichen of the Laudatca form occurs 
as felted ]«tclies of fine filaments on the bark of trees, with the hymenium on the 
parts of the thallus which are turned away from the light. 

Officinal. — The only representative of the Lichens is Cctraria islandica 
(Lichen iklaxdicus). 



Fn«. 813. — Cora /xirtniia. A, VieweU from above; 
li, from below ; hym, liymenium. (Nat. size.) 
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n. BRYOPHYTA (MOSSES) ^ 61 ) 


The Bryophyta or Museineae comprise two classes, the Hepaticae or 
Liverworts, and the Musci or Mosses. They are distinguished from 
the Thallophyta by the characteristic structure of their sexual organs, 
antheiudxa and akchegonia, which are similar to those of the 
Pteridophyta, the most highly developed of the Cryptogams. The 
Bryophyta and Pteridophyta are accordingly regarded as having been 
derived from a common ancestor, and, in contrast to the Thallophyta, 
they are referred to collectively as Archeyoniatae. 

The anthicridia or male sexual organs are stalked, ellipsoidal, 
spherical, or club shaped, with thin walls formed of one layer of cells 

and enclosing numerous 




small cells, each one of 
which is the mother cell 
of a spermatozoid (Fig. 
.*114). At maturity the 
spermatozoid mother 
cells separate and are 
ejected from the anther- 
id him, which ruptures 
at the apex. By the 
eventual dissolution of 
the enveloping walls of 
the mother cells the sper- 
matozoids are set fret; 


Fi<i. ■/,/,». A. Nmrly rip.* mu li.-ridium S h° r k» slightly twisted 

in optical nation; /<, |taraphyH*>s. /;. spmnattj/oni.s h\<*d filaments, terminating 
with i iwrcMMit iM'nwinir avid. (A >. t'O, /; «. ‘<h*o anteriorly in two long 

cilia. 


The AKCHEGONIA are flask-shaped bodies with walls formed of but 
one layer of cells ; they are sessile or shortly stalked, sometimes also 
somewhat sunk in the tissue, and consist of a dilated ventral portion 
and a long, slender neck. The ventral portion encloses a large central 
cell, the contents of which shortly before maturity divide into the 
egg-cell (Fig. 315, A, <>) and into an overlying ventral canal-cell (/"). 
The latter is situated at the base of the neck, just below a central row 
of neck-canal-cells (A* / ). On the maturity of the archegonium, the 
ventral and neck-canal-cells become mucilaginous and disorganised. 
If water is present, the cells at the apex of the neck separate ( /;) and 
the mucilaginous matter is discharged, and exerts through the diffusion 
of certain of its constituents in the water (cane-sugar in the case of 
Mosses) an attractive stimulus on the spermatozoids. The sperma- 
tozoids, thus directed toward the neck of the archegonium, traverse it 
as far as the egg, into which one spermatozoid penetrates. The water 
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necessary for the process of fertilisation is sufficiently supplied by rain 
or dew. After fertilisation has been accomplished, the egg-cell divides 
and gives rise directly to an embryo (C), without first, as is usually the 
case in the oogaraous Thallophyta, undergoing a period of rest 

The Mosses as well as the Ptendophytes multiply also asexually 
by means of walled spores adapted for dissemination through the air. 
These two modes of re- 
production, sexual and 
asexual, occur in regular 
alternation, and arc con 
fined each to a sharply 
distinct generation ; a 
sexual, provided with 
sexual organs, and an 
asexual, which produces 
spores. The sexual 
generation arises from 
the spore ; the asexual 
from the fertilised egg. 

Tins alternation of 
g EN ELATION s is charac- 
teristic of all Arche- 
goniatae. 

In the development 
of the SEXUAL GENERA- 
TION, the unicellular 
spore on germinating 
ruptures its outer coat 
or KXINE, and gives rise 
to a germ-tube. In the 
case of the IIe}>atica<\ the 
formation of the plant 
at once commences, hut 
in most of the Musci a 
proton ema is first produced, which resembles in structure the filaments 
of ennfervoid Algae, and is composed of cells containing chlorophyll (Fig. 
•116, />'). The green, filamentous protonema gives rise to branched, 
colourless rhizoids (/*), which penetrate the substratum. The Mohs- 
plants arise from buds developed on the protonema at the base of 
the branches. Protonema and Moss -plant together represent the 
sexual generation. Many Liverworts possess a thallus consisting of 
dichotomously branching lobes, which is attached to the substratum 
at its base or on the under side by means of rhizoids, thus repeating 
the vegetative structure of many Algte (cf. Fig. 8 with Fig. 10). In 
other llepatieae , on the other hand, and in all the Musci , there exists 
a distinct differentiation into stem and leaves (Fig. 329). In no 
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instance, however, ;«re true roots formed consisting of a tissue of cells, 
but in their irtfead rhizoida, consisting of colourless branching filaments. 
The Bryophytes, in this respect, differ essentially from the Pterido- 



Fm. 31 C.— PuHfiriu hugminetrira. A, (l«niiiiiatii>K spom; n, exine ; li, protoneina ; /,*», buds ; 
t\ rhizoids; h, (AtVr Mum.kr-Tiii'iu.au ; magnified.) 


phytes, which are provided with true roots. The stems and leaves of 
Mosses arc also anatomically of a simple structure ; if conducting 

strands are present, they are composed 
.'//j a p V merely of simple elongated cells. The 
| ^ sexual organs are produced on the 
j adult, sexual generation ; in the thal- 
loid forms, on the dorsal side of the 
y thallus; in the cormophytic forms, at 
the apex of the stem or its branches 
(Fig. » 17). 

By the division of the fertilised 
egg, a multicellular embryo is formed, 
which, by its further development, 
gives rise to the second or asexual 
generation, represented by the sporo- 
Fiu.m?. - Antiwr- uonium or the stalked Moss capsule. 

id i»; ii »*, urchogonia at ti»«* apex of the The sporogonium. in most cases, con- 

piiy^N. (a tier Hofmkwtkh, x 4:0 8lsts ot a round or oval capsular recep- 
tacle, in whose internal tissue numerous 
unicellular spores are produced. At maturity the capsule opens and 
sets free the spores. In both the Bryophytes and Pteridophytes the 
spores are formed in tetrads by the twice-repeated division of the 
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spore-motber-cells, which previously become disunited, and represent the 
actual point of commencement of the sexual generation. The spore 
capsule has usually a shorter or longer stalk, of which the basal 
portion, or foot, remains in the distended /enter of the archegonium, 
and, in consequence of the overgrowth of the underlying tissue, has 
the appearance of being sunk in it. Although the sporogonium con- 
stitutes a distinct asexual generation, it continues throughout its 
existence united with the sexual generation, and draws from it the 
nourishment necessary for its development. 

The two classes comprising the Brvophytes may be briefly charac- 
terised as follows : — 

1. Hepaticae (Liverworts). — The sexual generation, with poorly 
developed and generally not distinctly differentiated protonema, has 
either a dichotomously divided thallus or is developed as a leafy, and, 
with few exceptions, dorsiventral shoot. In the majority of Hepaticae , , 
in addition to spores, the capsule produces also elaters, sterile cells 
which, in their typical development, become greatly elongated and 
provided with spiral thickening* (Fig. 321, F). They conduct 
nourishment to the developing sporogenous cells, and at maturity, 
after the opening of the capsule, serve to separate and scatter the 
spores. Only in one order, Anthocerotacear , docs the capsule have a 
columella, or an axial mass of sterile cells, which also conduct the 
metabolic products to the developing spores. 

2. Musci (Mosses). — 'Die protonema of the sexual generation is 
usually well developed and distinctly defined, and the moss plant is 
always segmented into stem and leaves. The leaves are arranged 
spirally in polyaymmetrical, less frequently in Asymmetrical, rows. 
The capsule is always without elaters, but, except in one genus, it 
always possesses a columella. 


Class I 

Hepaticae (Liverworts) (“) 

The Hepaticae are divided, according to the structure of the sporo- 
gonium and the segmentation exhibited by the sexual generation, into 
four orders : the Jiicciao'ae , Marchantiaceae , and Anthocerotaceae 9 com- 
prising exclusively thalloid forms; and the Jungermanniaceae , including 
both thalloid and foliose forms. 

Order 1. Ricciaceae 

Of all the Hepaticae , this order has the simplest structure. The genua Jiiccia 
belongs to this order ; its dichotomously -lobed or cleft thallua forms small rosettes, 
and grows on damp or marshy soil (Fig. 318, A ). Riccia natms is found floating, 
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like Duckweed, on $h$ surface of stagnant water. Miccia fluitans , on the other 

hand, lives wholly submerged, and has narrow, 
more profusely branching, thalloid segments (Fig. 
10) ; it can, however, grow on marshy soil, and 
then forms flat rosettes. The Riccias are pro- 
vided with fine rhizoids springing from the under 
side of the thallus (Fig. 318, B), and possess, in 
addition, a double row of transversely disposed 
ventral scales, consisting of a single layer of cells, 
which also function in the absorption of nourish- 
ment. Both organs are wanting in the submerged 
species, Iiiccin fluitans , which may accordingly 
he regarded as representing the simplest form of 
Liverworts. 

The antheridia and archegonia are sunk in 
the surface of the upper side of the thallus. 
From the fertilised egg -cell is developed a 
spherical sporogouium, tilled with large tetra- 
hedral spores. The wall of the sporogonium 
consists of a single layer of cells ; it becomes 
disorganised during the ri]>enii)g of the spores, which are eventually set free by 
the rupture and disintegration of the venter and the surrounding cells of the 
thallus. 



Kio. SIS. — JKfcnta minima. A, ThalluM 
with aporogonia sunk in Us* tissue 
at the base of the lots* (nat. 
si re); B, slightly magnified sec- 
tion through a thallus lots*. (After 
Hisciioff.) 


Order 2. Marchantiaceae 

The Liverworts included in this order are much more highly organised, and in 
many genera they have a decidedly complicated structure. Mnrchantm polymorph a > 
found growing on damp soil, may serve as an example. It forms a flat, deeply- 
lobcd, dichotoinously-hranched thallus, about two centimetres wide, and having an 
inconspicuous midrib (Fig. 320 A ; Fig. 321, A). From the under side of the 
thallus spring unicellular rhizoids, of which some have smooth walls, others 
conical thickenings projecting into the inner cavity. The thallus is provided 
also with ventral scales, consisting of a single layer of cells. In its internal 
development a dorsiventral structure is also apparent. With the naked eye it may 
l>e seen that the upper surface of the thallus is divided into small rhombic areas. 
Kadi area is jarforated by a central air-pore leading into a corresponding air- 
chamber immediately below (Fig. 1M», A, Ji). The lateral walls of the air-cliamhers 
determine the configuration of the rhombic areas. The air- pore in the roofing wall 
of each chamber is in the form of a short canal, 1 founded by a wall formed of 
several tiers of cells, each tier comprising four cells. Numerous short filaments, 
consisting of rows of nearly spherical cells containing chlorophyll grains, project 
from the floor of the air-chambers and perform the functions of assimilating tissue. 
Chlorophyll grains are found also in the walls of the chambers, but only in small 
numbers. The air-chamliers merely represent depressions in the outer surface 
which have become roofed over by the more rapid growth of the adjacent epidermal 
cells. The intensity of the illumination exercises a great influence on the forma- 
tion of the air-chambers ; when the illumination is very weak they may not occur 
at all. The epidermis on the under side of the thallus is formed of one layer of 
cells. The tissue below the air-chamber layer is devoid of chlorophyll, and consists 
of large parenchymatous cells, w hicli function as accnmulatory or reservoir cells. 

Small cup- shaped outgrowths with toothed margins, the gemmiferous receptacles 
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or cupules, are generally found situated on the midribs on the upper surface of the 
thallus (Fig. 320, b). These contain a nutuber of stalked gemmae, flat, biscuit* 
shaped bodies of a green colour. The gemmae arise by the protrusion and repeated 
division of a single epidermal cell (Fig. 3lQ) ; at maturity they become detached 
from the stalk (at a?, Fig. 310, />). They ne provided with two growing points, 
one at each of the marginal constrictions, from' which their further development 
into new plants proceeds. On cross-section (E) they are seen to be composed of 
several layers of cells ; some of the cells are filled with oil globules (i>, o), while 
from other colourless cells rhizoids develop. Cells containing oil are also present 
in the mature thallus, and are of frequent occurrence in all the ffqmiicae . By 
means of the abundantly developed genuine March an tia is enabled to multiply 
vegetatively to an enormous extent. 

The sexual organs, antheridia and archegonia, are borne on special erect brandies 



gemma ; $t, stalk-cell ; />, surface view ; 

/.', transverse section of a ^imiiu ; Km. 320 . — Mmrhnntui jtuljfmorjiha. A, A male 
point of attachment to stalk ; o, oil cells ; plant, with antlieruiiopliorex and cupulas b 
r, colourless cells with giauular contents, (nat.sim ); /*, section of young antherhliophore ; 

from which tin* rhizoids will develop. n. antheridia; /. thallus ; s, ventral scales; r, 

(After Kn\, A -(- x 27- "i ; I)-K x <’/».) rhizoids. (Homewliat magnified.) 

of the thallus. The reproductive branches, which are rolled together at the lower 
end into a stalk, expand above into a profusely-branched upper portion. In this 
species, which is dioecious, the antheridia and archegonia develop on different plants. 
The branches producing the male organs terminate in lobed discs, which bear the 
antheridia on their upjn»r sides in flask-shajHid depressions, each containing an 
antheridium (Fig. 320, Ji). The depressions, into each of which a narrow canal 
leads, are separated from each other by tissue filled with air-chamlams. (The 
structure of the antheridia and spermatozoids is illustrated by Fig. 314 and the 
accompanying description. ) 

The female branches terminate each in a nine-rayed disc (Fig. 321, A). The 
upper side of the disc, between the rays, is turned underneath in the process of 
growth, and, as the archegonia are borne on these j>ortions, they seem to arise from 
the under side. The archegonia are disused in radial rows between the rays, each 
row being enveloped in a toothed lamella or sheath (Fig. 321, J8, C , h ; for structure 
of the archegonia see Fig. 315, and description). 

The fertilised egg-cell gives rise to a multicellular embryo (Fig. 315, (7), and 
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this, by further division and progressive differentiation, develops into a stalked 
oval SPOftOGo# upt. The capsule of the sporogonium is provided with a wall con- 
sisting of one layer of cells, and ruptures at the apex to let free the spherical spores. 



Kit*. SUl.- MnnJuintin juilymorphn. A, A female plant, with lmi r arrhogi miophore# ol' different age* ; 
b, eupules (nat slse) ; ft, undw aide of receptacle ; sf, rays ; h, sheath ; sp, a sporogonium ( x 3) ; 
(\ half of a receptacle, divided longitudinally (x 5); IK longitudinal section of a young sporo- 
gonium ; tpf, the foot ; *p, sporogenous tissue ; kio, wall or capsule ; ate, wall, and h neck, of 
archegontum ; p, paoudo- perianth ( x 70) ; E t ruptured sporogonium ; k, capsule ; s, spores and 
elatars ; p, psrudo-jwrianth ; e, archegontal wall (x 10) ; F, an ©later ; (?, ripe spores ( x 315) ; II, 
germinating spore (*) ; rib, protonema ; k\ genu-disc, with thf* apical cell rand rhizoid rh(x 100). 
{C, K after Biwctiorv; ft, V, F*1I after Ksv.) 

The SLATS its, or elongated, spirally thickened, fibre -cells formed in the capsules, 
between tbe spores, by the prolongation of definite cells, are characteristic of the 
Marchantias and most of the Liverworts. The elaters are discharged from the 
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ruptured capsule, together with the spores, and serve for their dispersion in the 
same way as the capillitiura of the J (yxomycetes (Fig. 321, E, F t Q). The ripe cap- 
sule, before the elongation of the stalk, remains enclosed in the archegonium wall 
(2>, air), which, for a time, keeps pace in its growth with that of the capsule. As 
the stalk elongates, the archegonium w all o ' calyptra is broken through and remains 
behind, as a sheath, at the base of the sporogonium (J?, c). The capsule is sur- 
rounded also by the pseudo- perianth, an open sac-like euvelope which grows, before 
fertilisation, out of the short stalk of the archegonium (Fig. 315, C, pr, Fig. 321, 
/), E y p). Similar envelopes occur in the higher Hepaticae, in which they con- 
stitute a true perianth, and are formed of leaves. 

Marchantia was fc/merly used in the treatment of diseases of the liver ; this 
fact explains the origin of the name Liverwort. 


Order 3. Anthocerotaceae 

The few forms included in this order have an irregular, disc -shaped thallus, which 
is firmly anchored to the soil by means of rhizoids. The cells of the thallus con- 
tain, in contrast to those of other Ibyopliyta, a single large chloroplast. The 
autheridia arise, in groups of two to four, by the 
division of a cell lying below’ the epidermis ; they 
remain enclosed in cavities in the upper side of the 
thallus until maturity. The archegonia are at first 
merely sunk in the upper surface of the thallus, but 
after fertilisation they become covered over by a inany- 
1 aye red wall formed by the overarching growth of the 
adjoining tissue. This enveloping wall is afterwards 
ruptured by the elongating capsule, and forms a sheath 
at its base. The sporogonium consists of a swollen 
foot and a long, pod-shaped capsule ; it has no stalk. 

The capsule splits longitudinally into two valves, and ku«. — Anthwros foii'is. 
has a central hair- like columella formed of a few rows */>, Nporogoniinu ; <\ coin- 
of sterile cells (Fig. 322 ). The columella does not size.) 

extend to the apex of the capsule, but is surmounted 

by a narrow layer of sporogenous cells. Elaters also occur; they are multicellular, 
variously shaped, and often forked. The sporogonia, unlike those of all other 
ffrpati aw, do not ripen simultaneously throughout their whole, length, but from 
the tips downwards, and continue to elongate by basal growth after emerging 
from the archegonia. The wall of the Sporogonium possesses stomata ; chlorophyll 
is present in its cells. 

On the under side of the thallus, tissurt-like openings, formed by the separation 
of the cells, lead into cavities filled with mucilage. Xostoc filaments penetrate 
into these .cavities, and develop into endophytic colonies. 



Order 4. Jungermanniaeeae 

In the simplest forms of this order the thallus is broadly lobed, similar to that 
of Marchantia {e.g. Pellia cpiphyUu , frequently found on damp ground) ; or, like 
that of Riccia fiuitan s, it is narrow and ribbon-shaped, and *t the same time pro- 
fusely branched (e.g. Metzger i a fureata , Fig. 162, p. 147). In the other forms, 
again, the broad, deeply-lobed thallus has an evident midrib, and ita margins, as 
in the case of Blasia pusilla (Fig. 11, p. 24), exhibit an incipient segmentation into 
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leaf-like members* The majority of Jungermanniaceae , however, show a distinct 
segmentation i^tO stem and leaflets. The latter consist of one layer of cells without a 
midrib, and are inserted with obliquely directed laminae in two row s on each flank of 
the stem. Some species (e.g. Frullania Tamarisei, a delicately branched Liverwort 
of a brownish colour occurring on rocks and tree-trunks) have also a ventral row of 
small scale-like leaves, amphigastria (Fig. 323, a). The dorsal leaves are frequently 
divided into an upper and lower lobe. In species growing in dry places, like the 
previously cited 1 Frullania, the lower lobe is modified into a sac, and serves 
as a capillary water-reservoir. The leaves regularly overlap each other ; they are 
then said to be sucnibnun, when the jHhsterior edges of the leaves are overlapped by 

the anterior edges of those next below ( Frullania , 
Fig. 323), or iaculmis, if the posterior edges of the 
leaves overlap the anterior edges of the leaves 
next below ( F/ayiochiht , Fig. 12, p. 14). 

The branching stems of the foliose Junger - 
mamnacmr are either prostrate or partially erect, 
and in consequence of the manner in which the 
leaves develop, present a distinctly (lorsi ventral 
appearance. 

The long-stalked sporogonium is also character- 
istic of this order ; it is already fully developed 
before it is pushed through the apex of the arche- 
gonial wall by the elongating stalk. It has a 
spherical capsule which on rupturing splits into 
four valves (Figs. 11, 12). No columella is formed 
in the capsule ; but in addition to spores it always 
produces elaters, which by their movements while 
drying scatter the spores. The stalk of the 
capsule is delicate. The wall of the capsule 
Is thick) consists of cells with annular or spiral 
re uniformly thickened with the exception of the 
outermost walls. Dehiscence is de]>eiidc*nt on the cohesive power of the water in 
these cells causing the outer walls to bulge into tin* cavity. 

The sporogonia are sometimes situated on the dorsal side of the thallus or stem, 
and are encircled at the base by an involucre, a sheath-like outgrowth of the 
thallus or stem {v.g. JHttsii* pustlla. Fig. lli. In other eases the sporogonia arise 
apically from the extremities of the stem or its branches, and are surrounded by a 
iM'rianth formed of special, characteristically -shaped leaves (Fig. 12). The majority 
of the J Unger man nit nrar resemble the true Mosses; they are small and grow on 
the ground or on tree-trunks, and in the tropics also on the leaves of forest plants. 



Flo. 8*23.— I’art of a shoot of frul- 
Iftaiu Tomnrhri, seen from below, 
r, Dorsal lea\es with the lower 
lobes (irt) mo« lilted as water-sacs; 
a, amphigastrium. (y mi.) 

(usually two or several cells 
thickenings, or the walls are 


Class II 

Husci (Mosses) (**) 

The profusely- branched protonema of the Mosses appears to 
the naked eye as a felted growth of tine, green filaments (Fig. 316 ). 
Buds are developed on the protonema, which grow by means of a 
three-sided apical cell, and give rise to Moss plants, which always 
exhibit segmentation into stem and leaves. The leafy Mosses may 
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be readily distinguished from th? foliose J linger m innia ceae by the 
spiral arrangement of their small leaves, which are rarely arranged in 
two rows. In Mosses which have prostrate stems, the leaves, although 
arranged spirally, frequently assume a somewhat outspread position, 
and all face one way, so that in such cases a distinction between an 
upper and a lower side is manifested, but in a manner different, from 
that of the Livens orts. 

The stem of the Moss Pi, ant is formed of cells which become gradually 
smaller and thicker- willed towards the periphery. In the stems of many genera 
(i e.g . Milium, Fig. 160) there is found a central, axial strand consisting of elongated, 
conducting cells with narrow luiniiia. These strands are not as highly differentiated 



Fin. &>4. - A, Surface view ot a portion of a 1**ut of Spfui>jnvm rfpnbijolium (x WMJ) ; It, part of 
a transverse section of a leaf of Sphrnnnnu fimbria! urn ; a, cell containing chlorophyll ; 
ir, capillary cell ; r, thickening hands: l. pore; r, part ol a transverse section of the stem of 
Sphagnum rinnbipiium ; central cells : *l\ sclerenchynuitons cortical cells ; v\ capillary cells 
with ]>ore« (l ) ; e, epidermis. l*jn.) 

as the vascular bundles of PteridophyU*s. They do not occur, for instance, in the 
genus Sphagnum, which grows in swampy [daces. The stems of this Moss show A 
jx*culiar development of the outer cortical layers (Fig. 324, U). The cells in these 
layers are devoid of protoplasm, and arc in communication with each other and the 
atmosphere by means of large, open pores ; to secure rigidity, they are also pro 
vided with spirally thickened walls. They have a remarkable power of capillary 
absorption, and serve as reservoirs for storing and conducting water. 

The leaves of the true Mosses have, as a rule, a very simple structure. They 
consist usually of a single layer of jiolygonal cells containing chloroplasts (Fig. 63 
and Fig. 99, Funaria), and arc generally provided with a conducting bundle of 
elongated cells (cf. p. 104). The leaves of the Bog Mosses (Sphugnaccae) have no 
bundles, and instead are supplied with capillary cells for the absorption and storage 
of water. These cells are devoid of protoplasm, and are similar to those in the 
periphery of the stem, but larger ami more elongated ; their walls, which are 
l»erforated, are strengthened by transverse thickening bands (Fig. 324, A, B). 
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Between them are other elongated, reticulately united cells containing chloro- 
plasts. A similar differentiation of the leaf cells occurs in a few other Mosses 
[e.g. Leucobryum vulgart% 

A more complicated structure of the leaves resulting from their adaptation to the 
absorption of water is exhibited by Polytrichum commune. In this Moss the leaves 
develop on their upper surface numerous, crowded, vertical lamellae, one cell 
thick ; these contain chlorophyll and function as assimilatory tissue, while the 
spaces between the lamella* serve as reservoirs for the storage of water. In a dry 
Atmosphere the leaves fold together, and thus protect the delicate lamellae from 
excessive transpiration. 

The amzoiTW (Fig. 327, if), each of which consists of a single row of cells, 
spring from the base of the stem. In structure they resemble the protonema, into 
which they sometimes become converted, and then give rise to new Moss plants. 

The 8EXUAL ok<;ank are always borne in groups at the apices 
either of the main Axes or of small, lateral branches, surrounded by 
their upper leaves ; each group with its involucral leaves constituting a 
receptacle. The antheridial and archegonial receptacles are sometimes 
inappropriately referred to as Moss flowers, but they have nothing in 
common with the tme flowers of vascular plants ; the involucral leaves, 
which frequently have a distinctive structure, are also known as the 
PRKWHiCTtA. Between the sexual organs there are usually present a 
number of multicellular hairs or paraphyses. The Moss plants may 
be monoecious, in which case both kinds of sexual organs are bbrne 
on the same plant either in the same or different receptacles ; or 
dicecious, and then the antheridia and archegonia arise on different 
plants. 

The KPoltoiiONlUM of the Mosses develops a capsule with an axial 
COLUMELLA consisting of sterile tissue. The spore-sac surrounds the 
columella, which accumulates food material and water for the develop- 
ing sf x>im Elaters are never formed. Distinctive variations in the 
mode of development and structure of the capsules are exhibited by 
the four orders of the Musci : Sphaynnr.w, A ndreaeacw, Phascaceae, and 
Bryinnc. The Aphagnarmc and A tnhrae<uvn< are nearest to the 
Liverworts. 


Order 1. Sphagnaceae f 84 ) 

Tin? order of the Sphaynaccac, or Hog Mosses, includes only a single genus, 
Sphagnum. The Bog Mosses grow in swampy places, which they cover with a 
thick carpet saturated with water. The upper extremities of the stems continue 
their growth from year to year, while the lower portions die away and become 
eventually converted into peat. Of tin* numerous lateral branches arising 
from each of the shoots, some grow upwards amt form the apical tufts or heads 
at the summits of the stems ; others, which are more elongated and flagelliforni 
in shape, turn downwards and envelop the lower portion of the stem (Fig. 325, 
A). Every year one branch below the apex develops as strongly as the mother 
shoot, m that the stem thus becomes falsely bifurcated. By the gradual death 
of the stem from !wlow upwards the daughter shoots become separated from 



SECT. I 


CRYPTOGAMS 


367 


it, and form independent plants. Special branches of the tufted heads, either 
on the same plants (monoecious) or on different Stocks (dioecious) are distinguish- 
able by their different structure and colour ; on tUse the sexual organs are pro- 
duced. The male branches give rise, near the leaves, to, spherical stalked ahtheridia, 
which open at the apices by means of retroflexing valves, and let free tb§ spirally 
twisted spermatozoids (Fig. 325, E, F). The archegonia are borne at the ti|» of 
the female branches. After fertilisation, the multicellular embryo of a sporogonium 



Fiu. 32fi. -sphagnum fimbriotiim. A, A shoot with four ripe sporogonia. Sphugn am ariitifdium. 
B , Archegonium with the multicellular embryo of the sporogonium m ; C, a young sporo- 
gonium in longitudinal section ; pg t psetiriopodiuiM : ♦.«, arehegotiial wall or calyptra ; ah, neck of 
archegonium ; spf, foot of sporogonium ; k, capsule ; co t columella ; xjm, spore-sac with spore# ; 
K , ruptured antheildium with escaping sjiermatozoids ; F, single si>eriiiato7oid, highly 
magnified. Sphagnum stjuammun, I), A lateral shoot with a terminal sporogonium ; ctr, 
ruptured calyptra ; d, operculum. (After %. 1*. Hchimper ; A, nat. size; the other figures 
magnified.) 

{E) is produced from the egg-cell. The sj»orogonium develops a short stalk with 
an expanded foot ( C), but remains for a time enclosed by the archegonial wall or 
calyptra. Upon the rupture of the archegonium, the calyptra persists just as in 
the llepaticar at the base of the sjtorogonium. The capsule is spherical and has 
a dome-shaped columella, which in turn is overarched by a hemispherical spore-sac 
( spo ) ; it possesses an ojierciilum, but no (teristoine. The ripe t»|M>rogonium, like 
that of Andreaea , is borne upon a prolongation of the stem axis, the pseudoi>odium, 
which is expanded at the top to receive the foot of the stalk. Of the peculiar 
structure of the leaves and stem cortex a description ha# already been given (p.385). 
The protonema of the Sphagnaceat is in some respects peculiar. Only a short 
filament is formed on the germination of the spore, the protonema broadening out 
almost at once into a flat structure on which the young Moss plants arisen 
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'$ Ord$r 2. Andreaeaceae 


The Andreaeaceae ( Schizomrpae ) comprise only the ont3 genus Andrcaea , small, 
brownish cajspitosc Mosses growing on rocks. The sporogonium is also terminal 
in this order. The capsule, at first provided with a eatyptra, splits into four longi- 
tudinal valves, which remain united at the base and 
apex (Fig. 326). The stalk is short, and is expanded at 
the base into a foot (tip/), which in turn is borne on a 
pseudnpodium (pa), a stalk-like prolongation of the stem 




Fu*. - .1 nr / wtftt j» t> nfilulu 

l'Heti«lo]KHUnm ; >/»/, 

Tout; l>, eapsuhi ; i, r.ilvp- 
tin. (x l’.'.) 

resulting from its elongation alter 
the fertilisation of the arehegonimn. 


Order 3. Phascaeeae 



T\» the r/tattcaciac (fVe/sfowr- 
par) belong small Mosses with few 
leaves growing on the soil ; they 
retain their filamentous protone- 
inata until the capsules are rij*e, 
and have the simplest .structure of 
all the Mosses (Fig. 333). The 
hooded capsule is terminal and has only a short stalk. It does not open with a 
lid, bnt the spores are set free by the decay of its wall>. 


.. :t- 7 . M ("fin iivrnitm. A, A plant with spurn- 
P'amtn •'till U-arinj; a eatyptra (e) ; li, a plant 
with 1 1 |*« ' «>|H >10^1,11111111 ; *. H**ta ; cajwoil*' ; d, 
o|H‘reuhun ; */», rhi/ni<is : mature capsule with 
o|»mtnIuiii {>i) return mt; ,,, peristonm : It, two 
pf i isdonn* ttvth ,,f tin* owif r row; K, part of 
muei iipnstome (A, It oat. si/e ; (’ x 3 ; It, K 

X .Vs.) 
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Order 4. Bryinae f 6 ) 

In this order (termed also Stcgocnrpcu), which includes the majority of all the 
true Mosses, the Moss fruit attains its most complicated structure. The ripe 
spouooonium, developed from the fertilised egg, consists of a long stalk, the Seta 
(Fig. 327, B, s), with a foot at its base, sunk in the tissue of the mother plant, 
and of a capsule (&), which in its young stages is surmounted by a hood or oalyp- 
tiia (A, c). The cal yptra is thrown off before the spores are ripe. It consists of 
one or two layers of elongated (tells, and originally formed part of the wall of the 
archegonium which, at first, enclosed the embryo, growing in size as it grew, until, 
finally ruptured by the elongation of the seta, it was carried up as a cap, covering 
the capsule. In the Liverworts die calyptra is, on the contrary, always pierced by 
the elongating sporogonium, and forms a sheath at its base. The upper part of 
the seta, where it joins the capsule, sometimes becomes distinctly enlarged and is 
then termed the apophysis. In Mnium it is scarcely distinguishable, but in 
Poh/frichum commune it lias the form of a swollen ring-like protuberance (Fig. 329, 
op), while in species of Splachnum it dilates into a large cushion-like structure of 
a yellow or red colour, upon which the capsule appears only as a small protuber- 
ance. The upper pail; of the capsule becomes converted into a lid or operculum 
(Fig. 327, d), which is sometimes drawn out into a projecting tip. At the margin 
of the operculum a narrow zone of epidermal cells termed the ring nr ANXn.i's 
becomes specially differentiated. The cells of the annulus contain mucilage, and 
by their expansion at maturity assist greatly in throwing off the lid. In most 
stegocarpous Mosses the mouth of the dehisced capsule bears a fringe, the peki- 
stome, consisting usually of tooth-like appendages. 

The peristome of Mninm ho mum (Fig. 327, C t p) is double ; the outer peristome 
is formed of 16 pointed, transversely striped teeth (/>) inserted on the inner margin 
of the wall of the capsule. The inner peristome lies just within the outer, and 
•onsists of cilia-like appendages, which arc ribbed on the inner side and thua appear 
transversely striped ; they coalesce at their base into a continuous membrane (A). 
Two cilia of the inner peristome are always situated between each two teeth of the 
outer row. Tim cilia facilitate the dissemination of the spores by their hygroscopic 
movements. 

The teeth and cilia of the peristome are formed in this instance of thickened 
portions of the opi>osite walls of a single layer of cells next to the operculum (Fig 
32b 1 . the teeth from portions of the external wall, and the cilia from portions of 
the internal walls of the same layer. On the opening of the capsule the un- 
thickened portions of this layer break away and the teeth and cilia split apart,. 
The transversely ribbed markings on their suifaee indicate the position of the 
former transverse walls. 

The structure of the peristome varies gieatly in different species of hryinac. 
By its peculiar form and hygroscopic movements the peristome causes a gradual 
dissemination of the sj tores from the capsule. 

The central axial portion of the capsule is occupied by the large-celled com:* 
mkli.a. It is completely surrounded by the sporogenous tissue, the so-called K]tore* 
sac, which is separated from the wall of the capsule and sometimes also from the 
columella by loose assimilatory tissue. Stomata occur in the epidermis of the 
capsule. The Moss fruit, in conformity with its anatomical structure, takes part 
in assimilation. It ripens slowly outside the archegonium, while the sporogonium 
of the Liverworts remains enclosed within it until maturity. 
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Variations in the form of the capsule, peristome, operculum, and calyptra afford 
the most important means of distinguishing the different genera. The Bryinae 
are first divided into two sub -orders, according to 
the position of the arehegonia or of the sporogonia 
developed from them. 

(a) Bryinae aeroearpae. — The arehegonia, and con- 
sequently the sporogonia, are terminal on the main 
axis. Mnium horn urn, Polytrichum commune (Fig. 
329), and Funaria hyyrometrica are common examples. 
ppr - Schistosteya osmundaeea, a moss living in caves, has 

^ el ^ e shoots, which have spirally arranged leaves 
and bear stalked capsules devoid of peristomes, and 
also other shoots 

that are sterile, ',i\ . ii./uJ 

with two rows of 
leaves (Fig. 330, 

A,B). Theproto- 
neina of this 
species gives out 
an emerald light 
(p. 223). its 
branched fila- 
ments place 
themselves in a 
plane perpen- 
dicular to the 
incident rays of 

light, so that the cells, which are disc-shaped, pro- 
jecting conically on the under side, reflect the, light in the same way as a reflecting 




Fie;. 332 . — Hypuum pur inn. 
(Nat. size.) 


Kiu. 333 . — Ephrmrum, serrutum. p , Pro- 
tonema; />, foliage - leaf ; s, hporo- 
Koniuin ; c, eulyptm; rh, r]iizoi<N. 
(After W. P. SrniMi'K.K, x 200.) 


mirror (Fig. 331). 

(b) Bryinae pleuroearpae. — The growth of the main axis is unlimited, and the 
arehegonia with their sporogonia arise on short, lateral branches (Fig. 332). In 
this group are included numerous, usually profusely branched species of large Wood 
Mosses belonging to the genera Hylocondum , Neckeva , and Ifyjmnm. , and also the 
submerged Water Moss, FonUnalis antipyrei tea. 


III. PTERIDOPHYTA (VASCULAR CRYPTOGAMS) («* **) 

The Pteridophyta include the Ferns, Water-Ferns, Horse-tails, 
and Club Mosses, and represent the most highly developed Cryptogams. 
In the development of the plants forming this group, as in the Bryo- 
phyta, a distinct alternation of generations is exhibited. The first 
generation, the sexual, bears the antheridia and arehegonia ; the second, 
the asexual, develops from the fertilised egg and produces asexual, 
unicellular spores. On germination the spores in turn give rise 
jto a sexual generation. Both the sexual and asexual generations 
of the Pteridophyta present marked variations in the mode of their 
development. 

The sexual generation is termed the prothallium or 
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GAMETOPHYTK. It never reaches any great size, being at most a few 
centimetres in diameter ; in some forms it resembles in appearance a 



simple, thalloid Liverwort; 
it then consists of a small 
green thallus, attached 
to the soil by rhizoids 
springing from the under 
side (Fig. 334, A ). At 
other times the prothal- 
lium is branched and 
filamentous ; sometimes it 
is a tuberous, colourless 
mass of tissue, partially 
or wholly buried in the 
ground, and leading a 
saprophytic existence, 
while in certain other 


Km. !W4. Atpiiliumlilu ik««. .1, I’roUuUlnmi mhmi 1'ioin 

; ot\ ; <*», unt !»*- lidm ; ih , rlii/.oidn ; 

protliulliutii with yuinij' Frrn utlarliwl to it by it « foot ; 
h, tin 1 Urnt lt«if ; «*\ t h** jivitinuy root. ( a cirra **.> 


divisions of the Pterido- 
phyta it undergoes reduc- 
tion and remains more or 
less completely enclosed 


within the spore. On the prothallia arise the sexual organs, anther- 


idia (Fig. 340), producing numerous cilia te, usually spiral spermato- 


zoids, and arehegonia 


(Fig. 341), in each of 
which is a single egg- 
cell. Ah in the Mosses 
the presence of water is 
necessary for fertilisa / 
lion. 

After fertilisation 
the egg- cell develops ^ 

into a multicellular ^ 

embryo, which becomes 
the asexual generation, 
tis in the Bryophyta, 



The Bryophyta and 
Pteridophytn have ac 
cordingly been classed 
together as Embryo- 
phyla by Knglki:, anil 
termed Embnjophtjto 


Km. !W>. .1. r*n sri , from tin* art'll t limn, 

i lon^it ‘tin Kii:mtz-(;kki.okk) : I, tuisal wall ; 

kail d:\ th** into quadrants, rudi- 

* J "t t »• st»*ni s, nr th** iirnt leaf h , of ttn* r<M>t 
; it *f h furl rr-drvcloiM'd *Muhryi< of PUris aquUina 

(after IKK): 1,H.| Mill ciidmltlrU in the enlaced 

of tl».» aifhf&mmiu -or . juoihallinm. (Mapiilied.) 


1 zohlioyama, because the male cells are developed as spermatozoids. 

The asexual generation or sporophyte is represented by a plant 
possessing a highly differentiated internal structure, (and externally 
segmented into stem, leaves, and roots. In the majority of Pterido- 
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phytes, the fertilised egg-cell, while still in the archegonium, surrounds 
itself with a cell wall and undergoes division, first into two cells, by 
the formation of a transverse or basal wall, and then into octants by 
two walls at right angles to each other and to the basal wall. By the 
further division of these eight cells the half above the basal wall gives 
rise to the tissues of the stem apex and the first leaf, while from the 
half below the basal wall is produced the primary root, and an organ 
peculiar to the Pteridophytes, the so-called Foot (Fig. 335, /). 
The foot is a mass of tissue, by means of which the young embryo 
remains attached to the parent prothallium and absorbs nourishment 
from it, until, by the development of its own roots and leaves, it is 
able to nourish itself independently. The prothallium then usually 
dies. The stem developed from the embryonic rudiment may be 
either simple or bifurcated, erect or prostrate ; it branches without 
reference to the leaves, which are arranged spirally or in whorls, or 
occupy a dorsi ventral position. Instead of rhizoids, true roots are pro- 
duced, as in the Phanerogams (cf. Fig. 1GG). The leaves also correspond 
in structure with those of the Phanerogams. Stems, leaves, and root 
are traversed by well-differentiated vascular bundles, and the Pterido- 
phytes are, in consequence, designated Vascular Cryptogams. The 
bundles are for the most part constructed after a special type (cf. 
Figs. 124, 129, 130). Secondary growth in thickness, resulting from 
the activity of a special cambium, occurs only occasionally in existing 
forms, but it was characteristic of the stems of certain extinct groups 
of Pteridophytes. 

The SPOKES are produced vegetatively in special receptacles termed 
sporangia, which occur on the asexual generation, either on the 
leaves, or less frequently on the stems in the axils of the leaves. The 
sporiferous leaves are termed spokophylls. The sporangium consists 
of a wall composed of several layers of cells enclosing the sporogenous 
tissue, the cells of which, becoming rounded off and separated from 
each other as spore mother cells, give rise each to four tetrahedral s pores 
(spore-tetrads). The cells of the innermost layer of the sporangiali 
wall are rich in protoplasm, and constitute the TAPETUM. This layer 
persists in the Lycopodimac , but in the case of the Ferns the walls of 
the tapetai layer become dissolved. In the course of the development 
of a sporangium the tapetai cells then wander in between the spore 
mother cells, so that the spores eventually lie embedded in a mucila- 
ginous protoplasmic mass, the periplasm, from which they derive 
nourishment. Only the outermost tayer of the wall is retained by the 
mature sporangium. The spores are all unicellular. Each spore has 
a wall composed of several coats. 

The spores of the majority of the Pteridophytes have all the samejl 
structure, and give rise on germination to a prothallium, which pro- j 
duces both antheridia and archegonia. In certain cases, however, the* j 
prothallia are dioecious. This separation of the sexes extends inf 

2 C 
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some group even to the spores, which, as macrospores, developed 
in MACROSPORAlff^A, give rise only to female prothallia ; or as MICRO- 
SPORES, which are produced in mkjrosporangia, develop similarly 
only male prothallia. In accordance with this difference in the spores, 
a distinction may be made between the homosporous and hetero- 
SPOROUS forms of the same group ; but this distinction has no 
systematic value in defining the different groups themselves, as it is 
manifested to an equal degree in groups in other respects quite 
distinct. 

Compared with the Rryophyta, the asexual cormophytic generation 
of the Pteridophytes corresponds to the sporogonium, the prothallium, 
on the other hand, to the Moss plant with its protonema : although 
both groups may have originated phylogcnetically from a common 
ancestor, they have followed altogether different directions in the 
course of their further development. The correspondence in the 
structure of their sexual organs, in particular, j joints to the existence 
of a relationship between them ; on the other hand, their asexual 
generations exhibit the greatest disagreement, so that it would not 
seem admissible to regard the asexual generation of the Pteridophytes 
as derived from the sporogonium of the Mosses, although it is 
manifestly homologous with it. 

The existing Pteridoph yta are classified as follows : — 

1. Filidmw. — Ferns. Stem simple or branched, with well-developed, 
alternate, often deeply divided or compound leaves. Sporangia either 
on the under side of the sjjorophylls, united in sori or free, or enclosed 
in special segments of the leaves. 

Order 1. Filin*. -Ferns, in the narrower sense. Homosporous. 

Order 2. Uijdropteriilnte. — Water- Ferns. Ileterosporous. 

2. Ft/vimtimu '. — l lorse-tails. Stem simple or verticillately branched, 
with whorled, scale-like leaves forming a united sheath at each node. 
Sporophylls shield-shaped, bearing the sporangia on the under side, and 
aggregated into a cone at the apex of each fertile shoot. 

Order 3. Etfuinetarme, — llorse-tails. Homosporous. 

3. Lycojiodimr , — Club Mosses. Stems elongated, dichotomously 
branched, either forked or forming a synqjodium, with leaves, in 
many cases greatly reduced, or shortened mul tuberous with awl- 
shaped leaves. Sporangia arising singly in the form of firm-walled 
capsules either from the stem in the leaf-axils, or from the leaf-base. 

Order 4. Lffeoftodinceae — Club Mosses, Homosporous. 

Order 5. MaginHla&at. — Ileterosporous. 

Order 0. Imtacrat . — Hetcros porous. 

There are also various fossil groups, some of which are included 
in the above divisions, while some form independent orders. 
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Class I 

Filicinae (Ferns) 

Order 1. Filieesf 87 ) 

The FUices (True Ferns) constitute the larger part of the Vascular 
Cryptogams. They comprise a large number of genera with numerous 
species, being widely distributed in all parts of the world. They 
attain their highest development in tiie tropics.. The Tree-Ferns 
( Cyuthea , Akophila , etc.), which include the largest representatives of 
the order, occur in tropical countries, and characterise the special 
family of the Cyatheaceae . The stem of a Tree-Fern (Fig. # 337) is 
woody and unbranched ; it bears at the apex a rosette of pinnately 
compound leaves or fronds, which are produced in succession from the 
terminal bud, and leave, when dead, a large leaf scar on the trunk. 
The stem resembling that of a Palm in habit, it is attached to the soil 
by means of numerous adventitious roots. 

The majority of Ferns, however, are herbaceous, and possess a’ 
creeping rhizome, terminating usually in a rosette of pinnate or deeply 
divided leaves. Such a habit and growth are illustrated by the common 
Fern Aspidium filir mas, the rhizome of which is officinal. When 
young, the leaves (fronds) of this Fern are coiled at the tips 
(Fig. 336, 1, a ), a peculiarity common to the Ferns as a whole, and to 
the Water-Ferns. Unlike the leaves j}f Phanerogams, those of the 
Ferns continue to grow at the apex until their full size is attained. 
ThlTTeaves of the common Futypodinw ml (fa re are pinnate, and spring 
singly from the upper side of the branched rhizome, which creeps 
amongst Moss or on rocks. In other cases the leaves may be simple 
and undivided, as in the Harts-Tongue Fern, Seolopcndriv ni vuLgare. 

In the tropics many herbaceous Ferns grow as epiphytes on forest 
trees. 

Peculiar brownish scales (paleae, ramenta), often fringed and con-1 
sisting of a single layer of cells, invest the stems, petioles, and some- ! 
times also the leaves of most Ferns. These are morphologically ' 
trichomes. 

The sporangia are generally produced in large numbers, on then 
under side of the leaves. The sporopbylls, as a rule, resemble the!’ 
sterile, foliage leaves. In a few genera a pronounced heterophylly is 
exhibited : thus, in the Ostrich Fern, S truth iopleris germanica , the dark- 
brown sporophylls are smaller and less profusely branched, standing in 
groups in the centre of a rosette of large foliage leaves. 

In the different families, differences in the mode of development, as 
well as in the form, position, and structure of the sporangia, are 
manifested. 



V'iO. Jllill. — AtfiUlioiHjitLr i»w*. 1, Illustration «txli i bitiitu general habit ; <», young leave* : *J, transverse 
wot km of rhizome showing the conducting bundle* n : a. portion of leaf with sort ; «, indnsium ; 
h, sporangia: 4, longitudinal : transverse section of a sorus ; n, leaf; 6, induaium ; t, 

sporangia : tf, a single affiftmnglnm : u. stalk ; c, annulus ; rf. spores. (After Wossidlui; 
i»mi m.u.) 
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The sporangia of the Polypodiawm , in which family the most/ 
familiar and largest number of species are comprised, are united ini 
groups or sori on the under side of the leaves, at the ends of or; 
between the branches of the nerves. They are borne on a cushion-like 
projection of tissue termed the receptacle (Fig. 336, 5), and in 



Eio. 337.- Ahophibi rriniUi. A Tree-Fern icrowlng in Oyton. (K»«l«c*l.) 


matiy species are covered by a protective membrane, the IN0USIUM, 
which is an overgrowth of the tissue of the leaf (Fig. 336, 3-5). Each 
sporangium arises by the division of a single epidermal cell, and consists, 
when ripe (Fig, 338, A) y of a capsule attached to the receptacle by a 
slender multicellular stalk, containing a large number of spores. The 
wall of the capsule is formed of a single layer of cells. A row of cells 
with strongly thickened radial and inner walls, extending from the 
stalk oyer the dorsal side and top to the middle of the ventral side of 
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f the capsule, is specially developed as a ring or annulus, by means 
of which the dehineence of the sporangium is effected. 


On drying of the wall of the sporangium the cohesion of the remaining water in 
the cells of the annulus draws in the thin outer walls of these cells ; this causes the 
annulus to shorten and determines the dehiscence of the sporangium by a transverse 
slit between the broad terminal cells of the annulus. When the pull exerted by the 
cohesive power of the water gives May, the annulus returns by its own elasticity to 
its original position, tliua effecting the dispersal of the spores (ef. p. 247). 

The form and insertion of the sori, the shape of the indusium when present, or 
its absence, all constitute important criteria for distinguishing the different genera. 
The sori of Scolopendrium are linear, and covered with a lip-shaped indusium con- 
sisting of one cell-layer. They are so disposed in pairs, on different sides of every 
tM r o successive nerves, that they appear to have a double indusium opening in the 



Flu. JKW. - -yporangla. .4, Anpidium Jllh um» : then* is u jilawlulur hair at the Uise ; 11 ami 
Ahojthilu nnmitn, Nemi from the two sides; />, .1 inhulu vuuthtttf. E, Om mini" nyuli*. 
(Adi >; TOoritf. : E x 40, after 1.1 husks.) 


middle. In structure the indusium resembles the epidermis, hut the stomata are 
absent, ami the ehrutnatophores are colourless. In the genus Aspiditnn , on the 
other hand, each sums is orbicular in form and covered by a peltate or reniforin 
indusium attached to the apex of the placenta. The sori of Pol if podium vuhjarc 
am also orbicular, but they have no indusia. In the common Brake, Pteris 
aquUina , the sporangia form a continuous line along the entire margin of the leaf, 
which folds over and covers them with a false- indusium. 

Besides the Polypoduictar the Ferns include other families, mainly represented 
iu the tropics, the sporangia of which differ in the construction of the annulus. 
The sporangia of the Cyuthracau\ to which family belong princijadly the tree- 
like Ferns, are characterised by a complete annulus extending obliquely over the 
apex of the capsule (Fig. 338, B, C). The 7/ ynu'nophyU(tcan\ often growing as 
epiphytes on Tree-Ferns, haw also sj*orangia with a complete, oblique, or 
horizontal annulus. The sporangia of the ticAizneaeoif, on the other hand, have 
an apical annulus (Fig. 338, D), while in the Osmumiucrne, of which the Royal 
Fern, Osin undo r<yalis t ia a familiar example, the annulus is represented merely 
by a group of thick-walled cells just below the apex of the sporangium (Fig. 338, £), 

All the above-mentioned families and some others possess free 
sporangia developed from a single epidermal cell and having when 
mature a wall composed of one layer of cells. They are classed 
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together as Filices leptospora ngiatae, in contrast to the Euspmwigiatae, 
which include the Marattiaceae and Ophioglossaceae. In these the 
sporangia take origin from a group of epidermal and underlying cells ; 
they are thick-walled, not provided with an annulus, and open by a 
transverse slit. 

The Marattiaceae are tropical Ferns, with thick, tuberous stems and gigantic 
fronds, each with two stipules at tho base. Their mature sporangia are provided 
with a stiff and firm many- layered wall, and are either free ( Angiopteris ), or all 
the sporangia of a sorus are united in an oval, capsule-like body, divided into a 
corresponding number of chambers. 

The Ophioglossaceae include but few species. Examples of this family are 
afforded by Ophioglossum vulgatnm , Adder’s Tongue, and 
Botrychium , Moon wort (Fig. 339). Both have a short 
stein, from which only a single leaf unfolds each year. 

The leaves in both cases are provided with leaf-sheaths, 
and peculiarly divided into fertile and sterile segments. 

In (J))hioglossum the sterile leaf-like segment is tongue- 
shaped, the fertile segment narrow and cylindrical, hear- 
ing the sporangia in two rows sunk in the tissue. The 
sterile portion of the leaf of Botrychium is pinnate, while 
the fertile segment is pinnately branched, and thickly 
beset on the inner side with large nearly spherical 
sporangia. 

All the members of the Filices are homosporous.!’ 

The PROTHALLIUM has usually the form of a flat,! 
heart-shaped thallus (Fig. 334), bearing the anther^ 
idia and archegonia on the under side ; but in 
HotrifcMuiih it is represented, on the contrary, by 
a small subterranean tuberous body which is 
saprophytic, and produces the sexual organs on 
the upper side. In certain Ihjme. noph ylht rea e 
( Trirhomanes ), on the other hand, the prothallium 
is filiform and branched, resembling in structure 
the protonema of the Mosses, and producing the 
antheridia and archegonia on lateral branches. 

The ANTHERIDIA and archkuonia (*) are 
similarly constructed in nearly all Ferns ; those 
of Polypodinm vulgare (Figs. 340, 341) may serve 
as a type. The antheridia are spherical project-] 
ing bodies (Fig. 340, A , p), arising on young) 
prothallia by the septation and further divisioit 

1 - 1 . - . , n • f Km. 83to.-~ JMrtfrht tun /,»«. 

of papilla-like protrusions from single superficial . aria uat> > 
cells. When mature, each antheridium consists! 
of a central cellular cavity, filled with spermatozoid mother cells, and 
enclosed by a wall formed of two ring-shaped cells (A, 1, 2) and* a 
lid -cell (3). The spermatozoid mother cells are produced by the 
division of the central cell. They are discharged from the antheridium 
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by the pressure exerted by the swollen ring-cells, and the consequent 
rupturing of the Ikbeell. Each mother cell thus ejected liberates a spirally 
coiled spermatozoid. The anterior extremity of the spermatozoid is 

beset with numerous cilia, while attached 
to its posterior end is a small vesicle 
which contains a number of granules, 
and represents the unused remnant of 
the contents of the mother cell (Fig. 340, 
/>, C ; Fig. 97, Ji). 

The archcgonia arise from the many- 
layered median portion of older prothallia. 
They are developed from a single super- 
ficial cell, and consist of a ventral portion, 
embedded in the prothallium, and a neck 
portion. The neck, which projects above 
the surface of the prothallium, consists of 
a wall composed of a single layer of cells 
made up of four cell rows (Fig. 341, y/, 
H) ; it encloses the elongated neck-canal- 
oell. 

The ventral portion comprises the 
large egg -cell and ventral canal -cell 
immediately above it. As the archegonium matures, the canal-cells 
become disorganised, and fill the canal with a strongly refractive 
mucilaginous substance. This swells on the admission of water, and 



Flo. 1*40. I’olyjHHliinn nilgttrt'. J, 
Mfttun*, fK anthcridinm ; 

p, I’l'othalliimi 1 and 2, rlnn- 

Mlia)»«l (‘(din: 3, lid-ccll; l>, 
M)H»nnatnzoidM. (A, H x 24<> ; 

/» x r»40.) 



Flo. 341. — /Wyjxkiiww* rtt/j/un. A, You n# aivlu^oiiium not yet o[k*ii ; A", neck-ranal-cell ; 
A"’, ventral canal-cell ; a, cgtf-oell ; /»*, mature arcliHgouiutn, ojhui. (x 240.) 


rupturing the neck at the apex is discharged from the archegonium, 
which is now ready for fertilisation. By means of an acid excretion 
(malic acid) diffused in the surrounding water the spermatozoids are 
attracted to the archegonium, and penetrate to the egg-cell. After 
fertilisation of the egg by one of the spermatozoids, the egg-cell sur- 
rounds itself with a cell wall, and without entering upon a condition 
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of rest develops into the embryo of the asexual generation, as already 
described (cf. Fig. 335). 

In certain Ferns the sporophyte may originate on the prothallus 
by a process of budding or direct vegetative growth ; the sexual 
organs are not formed or take ho part in the production of the plant 
(apogamy). Conversely the prothallus may arise directly, without the 
intervention of spores, from the tissues of the leaf (apospory) ( 6 *). 

Officinal. — Aspidium Jilir mas, Khizoma filicis ; Adianium 
Capillm Veneris, Folium Adianti s. Hkkra Capilli Vknkkis; Adiatb 
tum pedaium, Folium Adianti. The long silky brown hairs from 
the base of the leaf-stalks of various Tree-Ferns, especially Cibntium 
Haromdz, and other species of this genus, in the East Indies and the 
Pacific Islands, provide the Paleak haemostaticak used as a styptic 
(Penawar, Djambi, Pulu). 


Order 2. Hydropterideae (Water-Ferns) 

The Water-Ferns include only a few genera, which are more or 



Fig. 842. —Munilui ijKwiri/uliatn. 
a, Young leaf; », sporocarpw. 
(After Bum'Hoff, reduced.) 



Fig. 843, — I'ilvlaria glohulifem. *, 
Sporocarp, (After Bimchoff, re* 
duc«d.) 


less aquatic in habit, growing either in water or marshy places. They 
are all heterosporous. The macro- and microsporangia do not develop, 
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like those of the Films, on the under side of the leaves, but are 
enclosed in speciaK receptacles at their base, constituting sporangial 
fructifications or sporocarps. 

The Water-Ferns are divided into two families, Marsiliaceae and Salviniaceae, 
each of which includes two genera. 

Marsiliaceae . — Of the two genera belonging to this family the more important 
is the genus Marsilia , comprising about fifty species, of which M. quadrifoliata 
(Fig. 342 ) may be taken as an example. This species grow s in marshy meadows, 
has a slender, creeping, branched axis, bearing at intervals single leaves. 
Each leaf has a long erect petiole, surmounted by a compound lamina composed of 
two pair of leaflets inserted in close proximity. The stalked oval sporocarps (s) 
are formed in pairs alx)ve the base of the leaf-stalk, or in other species they are 



Flo, M44.~ Sulvinht no ton*. ,1, h»*i*h from the m«I»* ; from above (after Bihchoff, reduced); 
an embryonic plant ; insjt, iimeroxpom ; /*, prolhaUiuin ; o, stem; b\, h 2 , b- h the first three 
leaves; /»j, the no-called seutlfomi leaf. (After Fiunoshkim, x lfi.) 


more numerous ; they represent a fertile leaf-segment corresiionding to the bijugate 
sterile leaf lamina. The H|H>raugia, united in sori, arc enclosed within the capsule, 
disposed in two rows in eorres{>ondingly arranged cavities ; in the young fruit 
caeli chamW opens outwards on tin* ventral side by means of a narrow' canal, 
which eventually becomes closed. The sporangia are developed originally, as in 
the Kern, from superficial cells, hut become arched over by the surrounding tissue, 
and thus subsequently appear as if formed in internal chambers. As Fig. 342 shows, 
the young leaves, the development of which is as in the Fi/ices, are circinate. 

Vilu!ari(( } the second genus included in this family, grows also in bogs and 
marshes. It differs from Marsilia in its simple linear leaves, at the base of which 
occur the spherical sporocarps, which arise singly from the base of each sterile leaf- 
segment (Fig. 343). 

Salvinuicmr. — This family contains only free-floating aquatic plants belonging 
to the two genera Satrinia and Azolla. In Fain mu aatuns, as representative of 
the first genus, the sparingly branched stem gives rise to three leaves at each node. 
The two upper leaves of each whorl are oval in shape, and developed as floating 
foliage leaves ; the third, on the other hand, is submerged, and consists of a num- 
ber of pendent filamentous segments which are densely covered with hairs, and 
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assume the functions of the missing roots. The sporocarps have an entirely 
different mode of development from that of the Marsiliaceae ; they are spherical, 
and are borne in small groups on the submerged loaves at the base of the fila- 
mentous segments (Fig. 344). The sporangia arc produced within the sporocarp 
from a column-like receptacle, which corresponds in origin to a modified leaf- 
segment. The envelope of the sporocarp is equivalent to an indusium ; it arises 
as a new growth in the form of an annular wall, which is at first cup-shaped, but 
ultimately closes over the receptacle and its sorus of sporangia. 

The second genus, Azolla , is chiefly tropical, re] ‘resented by small floating 
plants profusely branched, and beset with two-ranked closely crowded leaves. 
Each leaf consists of two lobes, of which the upper floats on the surface of the 
water, while the lower is submerged. A small cavity enclosed within the upper 
lobe, with a narrow orifice opening outwards, is always inhabited by filaments of 




Fiu. 345 .— Salrinia nutans. A, Three sporocarps in ineilitin, longitudinal station; ma, macro- 
sporocarp; mi, mimmporocarp (x 8); Jl, a mieroKi>on*ngiuni (x Wi); C, portion of tin* con- 
tents of a microsporangium, showing four microspores emlieddcd in the frothy interstitial 
substance (x250); 1>, n mucrosporangmm and macrospore in median longitudinal section 
(x ar.x 


an Alga ( Anabacm ). From the fact that hairs grow out of the walls of the cavity 
between the algal filaments, the existence of a symbiotic relation between the two 
plants would seem to be indicated. Uniike Sahdiiia, A '-.of la possesses true roots 
developed from the under side of the styni. The sjmrocarps are nearly spherical, 
and produced usually in jiairs on the under side of the first leaf of some of the 
lateral branches. 

In the structure of the sporangia and spores, and in the development of th$ 
prothallia, the Hydroptcridrac. differ in many respects from the Filuxs. These 
differences may be best understood on reference to Salvinm no tans ( 7n ) as an example. 
The sporocarps contain either numerous microsjMirungia or a smaller numlmr of 
maerosporangia (Fig. 345, A, ma, mi). In structure Iwtli forms of sporangia 
resemble the sjmrangia of the leptosporangiate Ferns ; they are stalked, and have, 
when mature, a thin wall of one cell-layer but no annulus (B, I)). The Miciio- 
spoRANCtiA enclose a large number of microspores, which, as a result of their 
development in tetrads from the mother cells, are disposed in grouj* of four (C), 
and embedded in a hardened frothy mass filling the cavity of the sporangium. 
This frothy interstitial substance is derived from the tapetal cells, which gradually 
lose their individuality and wander in Isdween the S|>ore mother cells. 
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The niicrospores are not (Uncharged, but, while still enclosed within the un- 
ruptured microsporangium, each germinating microspore puts out a short tubular 
male prothallium, which pierces the sporangial wall. The autheridium is developed 
in this by successive divisions (Fig. 340). Each antheridium produces four 
spermatozoids, which are set free by the rupture of the cell walls. Although 
the whole male prothallium is thus greatly reduced, it nevertheless exhibits in its 



Flo, Salvinin untan *. Development 
of the male prothallium. A, Division 
of the microM|K>re into three veils 


structure a pronounced resemblance to the 
protliallia of the Filler*. 

The MAOitosi'onANCiiA are larger than the 
microsporangia, but their walls consist simi- 
larly of one cell >layer (Fig. 345, D). Each 
marrosporangmm produces only a single large 
macrospore, which develops at the expense 
of the numerous spores originally formed. 
The macrospore is densely idled with large 
angular proteid grains, oil globules, and 
starch grains ; at its apex the protoplasm 
is deuser and contains the nucleus ; the 
membrane of the spore is covered by a dense 
brown exiniuni. which in turn is enclosed in 
a thick frothy envelop', the perinium, in- 
vesting the whole spore and corresponding 
to the interstitial substance of the micro- 
spores, ami also formed from the dissolution 
of the ta petal cells. The macrospore remains 
within the sporangium, which is eventually 
set free from the mother plant. On .the 


/-///(x 8M); /I, tutor al view; C, ven- 
tral view of malum jirntliullliiui (x 
♦MO). Celt I liftH divided into the pro- 
thallimn celluo and j>; cell II, into the 
sterile cells h, e, ami the two cells 


germination of the macrospore, a small -celled 
female protliallium is formed by the division 
of the denser protoplasm at the apex, while 
the large underlying cell does not take part 


each of which hus formed two sperma- in the division, but from its reserve material 


toxoid mother cells ; cell III, into the provides the developing protliallium with 

stciile cell* tl. f, and the two cells *>. • i,,,. ... , ri ,, , 

.. . _ , * nounslimeiil. the spore wall splits into 

The cells and represent, two 1 1 

antheridia; the cells h, r, c llieir t,m ' e valves, the sjioraugial wall is ruptured, 
wall cells, (After Bki.ajbkk.) and the green protliallium protrudes as a small 

saddle-shaped laxly. On it three arcliegoliia 
•are produced, but only the fertilised egg-cell of one of them develops into an 
embryo, whose foot, remaining for a time sunk in the venter of the archegonia, 
finally ruptures it (Fig. 347). The lirst leaf of the germ plant is shield-shaped 
(Fig. 344, (7), and floats on the surface of the w ater. 

The development of Azolla ( 7I ) proceeds in a similar manner, but the sporangia 
and spores exhibit a nurulier of distinctive peculiarities. The numerous sjiores of 
the micros] mrangia are aggregated into several nearly spherical balls or massulte, 
formed from the interstitial substance derived from the protoplasm of the ta petal 


cells. Each massula, enclosing a nwnlier of sjxires, is beset externally with 
barbed, hook-like out-growtha of the interstitial substance. On the rupture of the 


spomugia the mass nine are set free in the water, and are carried to the macrosporcs, 
to which they hook themselves fast. A sjmroearp contains one macros porangium, 
in which only a single macrospore comes to maturity ; in the course of its develop- 
ment it aupplanta all the other spore-rudiments, and fiually the xporangial wall 
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itself becomes flattened against the inner wall of the sporocarp, frequently under- 
going at the same time partial dissolution. The macros)H>re is enveloped by a 
spongy periniuni whose outer sur- 
face exhibits numerous depres- 
sions and protuberances prolonged 
into filaments. At the apex of 
the spore the periniuni expands 
into three pear-shaped appen- 
dages, while the upper part of 
the ruptured sporangium remains 
attached to the spore in the form 
of an umbrella -like expansion. 

The formation of the prothallia 
is effected in essentially t-ho same 
way as in Salvinia , except that 
only one antheridium with eight 
spermatozoids arises on each of 
the small male prothallia pro- 
truding from a massula. 

The sporoearps of the Marsi- 
linceae have a more complieated 
structure : those of Pilularia 
(flobuh'/cm are divided into four 
chambers, each., with a single 
sorus ; in Mar silt a they enclose 
numerous sori (H-18) disposed 
in two rows. The sori in both 
genera contain both micro- and 
macrosporangia, while those of 
the Salviniaceae are always uni- 
sexual. 

I n the case of the Marsiliaratc 
the prothallia are even more re- 
duced, but otherwise their mode 
of development is very similar. 

Each of the minute female prothallia formed 
produces a single archegoniiun. 



Fn.. SIT . — Sol ri nut, mttmus. KniUryo hi longitudinal nec- 
tion ; /»/’, piothiillium ; S, spore-eel I ; r, esinittm ; /<, 
periniuni ; spn\ sporangml wall; or, iwliegouium ; 
nnhr, einUryo ; /, loot; Ut\, hi,,, hl :u (tic tlrnt three 
Iea\es ; »t, apex of stem. (After Piiincsiikim, a MK>.) 


at. the apices of the macros pores 


Class II 

Equisetinae (Horse-tails) ( 72 ) 

^The Equisetinae, which form an entirely independent class, include onTy the one 
genus Equisetum , comprising 25 species, found widely distributed over the w'hole 
world. \ Developed partly as land, partly as swamp plants, ^ey may always be 
distinguished by flic characteristic structure and habit of the asexual generation. 
They have a brandling, underground rhizome on which arise erect, aerial haulms, 
usually of annual growth. The rhizome of the common Horse-tail, Equisetum 
arvense, develops also short tuber-like branches which function as reservoirs of 
reserve material and hibernating organs (Eig. <549, 2, a ). The aetial haulms 
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remain either simple, or they give rise to branch whorls, and these in turn to 
whorls of a higher or£c^ Kach axis consists of a series of elongated intemodes ; 
externally it is channelled by longitudinal furrows, while internally it is traversed 
by a central air-passage and by a number of smaller peripheral passages, vallecular 
canals, one opposite each of the furrows. Between the central and vallecular 
canals, \and alternating with the latte r^s a circle of bicollateral vascular bundles 
(Fig. 348). 

[The leaves of the Equiaetinae , both in their structure and in the manner of 
their arrangement on the stem, are also characteristically developed. At each node 
is borne a whorl of scale leaves pointed at the tips, and united below' into a sheath 
closely enveloping the base of each internode. The leaves of the successive wdiorls 
alternate regularly with each other. The lateral branches are developed in the axils 
of the scale leaves, but not having space to grow upwards they pierce the narrow 

sheath.') As a result of the reduction of 

/ •* the leaf lamime,^the haulms themselves 

j t p assume the function of assimilation, and 

. / r / f for that purpose their cortical tissue under 

ftp the epidermis is provided with chloro- 

JTO^. rV-' 1 The M’ouanoia are formed of specially 
IKr y shaped leaves or sporophylls. Like the 

W/*~\ scale leaves 1 he sporophylls are developed 

g\V ' K : >;\ > /| ) $jf d hi wdiorls, but are closely aggregated at 

H pi \ - r the t jj )S 0 j- f}, 0 fertile shoots into a 


enee in its slructiynT to the male flower 
\ <>f the Conifers. \ The lowest whorl is 

jrr sterile, and forms a collar-like protuber- 

1 - 10 . JUS. KqnimUuL Transverse sec aI " T * The sporophylls (Fig. 340, 3, 4) arc 

tion ih rough the Klein, vt, I.ysigenic imnlul stalked and have a shield-shaped lamina, 
lary cavity ;»,euUodeimis;r^ cnrmnl canals on the under side of which are borne the 
in th« hicollatoral hnmlles ; cl, vallecular sa( ,.] ik<> (5-10). In the young 

cavities; hit, Hcleronchynuitons strands in . . . . 

the furro.vH and ridge* ; c/i, tissue of the *l«»™ttgmm the sjiorogenous tissue is sur- 
primary cortex containing chloroph.x 11 ; at, rounded hv a wall consisting of several 
rows of stomata, <xll.) cell layers^' hut eventually the so-called 

tapetal cells of the inner layers become dis- 
organised, and their protoplasm penetrates between the developing spores. At 
maturity, the wall of the sjtoraiigium consists only of the outermost of the original 
layers whose rolls are provided with annular and spiral thickenings^ the sporangia 
thus resemble the homologous pollen-sacs of Phanerogams. .The sporangia split 
longitudinally, and set free a large number of green mkuvs, which are nearly spherical 
in shape, ami have peculiarly constructed walls./ hi addition to the intiue and 
exilic, the spores are overlaid with a perinium formed from the protoplasm of the 
tapetal cells, andieonsisting of two intersecting spiral bands which are attached to 
the spores only at their point of intersection (Fig. 319, f>-7). On drying, the spiral 
lutuds loosen and become uncoiled ; when moistened they close again around the 
spore. By means of their hygroscopic movements they serve to hook together the 
sport's^and in this way is assured the close proximity of the unisexual prothallia 
which they produce. 

fin certain species some of the aerial haulms always remain sterile, ^ranching 
profusely, while others which produce the terminal cones either do not branch at all, 


cone (Fig. 349, 1 , a), which is sometimes 
spoken of as a fhnveAfroiu the correspond - 


Flo. SIS. Kijitifiiimn armi*?. Transverse sec- 
tion through the Klein, vt, I.ysigenic inoriu) 
lary cavity ; t , eiMlotlcrmis ; <7, caruial canals 
in tl»« hicollatoral Immilcs ; cl, vallecular 


the fnrm.vM ami ridges; c/», tiHsiie of the 
primary cortex containing ehloroph.Wl ; > <t, 
rows of stomata. ( x 11.) 




Fiu. 349. — Equisetum arvcnse. 1. Fertile haulm* terminating in the Hower-cone* (a) ; 2, ft uterile 
vegetative haulm; a, rhizome tuhen.; 3, uporophyll with sporangia; 4, Kporophyll with 
ruptured sporangia ; &, 6, 7, «j>oreH with the spiral hands of the j*riuium. (After Wosrim,o.) 


fertile haulms is most marked in Equisetum arvense and Equitetum Telntaieja, in 
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both of which the fertile shoots are entirely unbranched, and terminate in a single 
cone (Fig. 349, 1). *&|acmbling in their mode of life a parasite upon the rhizome, 
they are otherwise distinguished from the vegeta- 
tive haulms by their lack of chlorophyll and their 
light yellow colour. 

The spores are all of one kind, and on germina- 
tion give rise to thalloid puotuallia, which are 
generally dicecioua. In the adjoining figure (Fig. 
350) a male protballiuni of Equisctum arvense is 
represented, showing the first formed antheridia 
(a) somewhat sunk in the tissue. The female pro- 
thallia attain a large size, and branching profusely, 
are prolonged into erect, rutiled lobes at whose base 
the archegonia are produced. In structure the 
archegouia resemble those of the Ferns, but the 
upper cells of the four longitudinal rows of cells 
constituting the neck arc more elongated and, on 
opening, curve strongly outwards. The develop- 
ment of tin* embryo corresponds, also, essentially 
with that of the Fern-embryo, except that the first 
leaves are arranged in a whorl and encircle the 
apex of' the stem. The growth of the stem is 
effected by the division of a three-sided apieal cell 
(Figs. Ifi3, 13*1). 

The outer epidermal walls of the stem are more 
or less strongly impregnated with silica. In Equi- 
setam hinmale, and to a less degree in Equisrhim urrcnxt\ the silieitioation of the 
external walls is carried to such an extent that they are used for scouring metal 
utensils and for polishing wood. 

( Eq u i»et am tjiqit lUcnm, growing in South America, is the tallest species of the 
genus; its branched haulms, half supported by neighbouring plants, attain a 
height of over twelve metres. 



Fin, 'AMh—Kijiiinettuu u nr mi:. Male 
prottmllium with three anther- 
ii. (After Hojmkistkii, 
X aoo.) 


Class III 

Lycopodinae (Club Mosses) 

To the LycojHxlimie belong, us their most important and widely 
distributed genera, Lycopodium , Selayinrlla, and hoetes. They are dis- 
tinguished from the other Pteridophytn, of which they resemble most 
nearly the eusporangiate Filice^ by their general habit and the mode 
of their «[>orangial development. 

Unlike the fertile leaves of the Filicinae and Etjuisctime , which 
always boar numerous sporangia, the sporophylls of the Lycopodinae 
produce the sporangia singly, at the hose of the leaves or in their 
axils. Although in many cases scarcely distinguishable from the sterile 
leaves, the sporophylls are frequently distinctively shaped, and, like 
those of Eijuisetnm, aggregated at the ends of the fertile shoots into 
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terminal cone-like flowers. Compared with the leaves, the sporangia 
are relatively large. They are developed in the same way as those of 
the eusporangiato Filices and Equisetina rrom a projecting group of 
cells derived from the epidermis and the underlying tissue ; while in 
the other Pteridophyta the sporangia are developed from a single 
epidermal cell. The innermost layer of the sporangial wall, the 
tapetal layer, is not absorbed. The sporangia have no annulus. Except 
in *he case of Isoete.% whose spores become free by the decay of the 
sporangial wall, they dehisce by longitudinal slits, which divide the 
sporangia into two or more valves ; the slits occur where rows of cells 
of the wall have remained thin. The sporangia of Lycopodium are 
homosporous ; those of other Lycopudinac heterosporous. The hetero- 
sporous forms produce only greatly modified and reduced prothallia ; 
in the genus Lycopodium , on the other hand, the prothallia, are well 
developed, exhibiting the most complicated structure known in the 
sexual generation of Pteridophyta. In the development of their sexual 
generation the heterosporous Lycopodinac resemble in many respects 
the heterosporous Hydropic rid cue. 

The dichotomous branching of the stems and l oots is characteristic 
of this class (Figs. 18, 19, p. 19); in the genus J sorter however, the 
stem is unbranched and tuberous. 


Order 1. Lycopodiaceae ( 73 ) 

The numerous, widely dir.tributcd species of the genu* Lycopodium, (Club Moss) 
are for the most part terrestrial plants ; in the tropies epiphvth forms also oeeur. 
In Lycopodium davettum , one of the eonnnonest species, tin* stem, which is thickly 
covered with small, awl-shaped leaves, creeps along the ground; it branches 
dichotomously, and gives rise to ascending lateral branches, while from the under 
side spring the dichotomously branched roots (Fig. 351;. The flower-roues, consist- 
ing of the closely aggregated sporophylls, are situated in groups of two or more at 
the ends of the forked, erect shoots. The. sporophylls are not like the sterile leaves 
in shape ; they are broader and more prolonged at the tip ; each bears a large 
reniform sporangium on the upper side -at the base. The sporangium opens into two 
valves by a transverse slit, and lets free numerous minute spores (Hg. 351, 2). 

Lycopodium Sclagu differs in habit from the other species ; its bifurcately- 
branched stems are all erect, and the flower-cones are not distinct from the vegetative 
region of the fertile shoots. 

The spores of the Lycopodiums are all of one kind, and in consequence of their 
formation in tetrads are of a tetrahedral though somewhat rounded shajw. The 
exine is covered with a reticulate thickening. 

The mode of germination and development, of the sexual generation have as yet 
been determined only for a few sj»ecies. The prothallia <>f Lycopodium clavatum 
and the closely related L. annotinum are small white tuberous structures, which 
live as .subterranean saprophytes. At first top-shaped, they become converted by 
the eontiuued marginal growth into cup-shaped lobed ladies, which may attain a 
size of two centimetres. Long rhizoids spring from the lower surface, while the 
ui»iK*r surface bears numerous antheridia and arohegonia. In L. complaruxtu m the 

2d 
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subterranean prothalli •re turnip-shaped, in L. Selago rounded or elongated and 
cylindrical. The pfcothalli of the latter may be developed on the surface of the soil, 
in which case they are green. 

In the case of X. inundatum , the prothalli of which are found on damp 
peaty soil, and in the tropical L. eernuum (Fig. 352), with erect profusely-branched 



Fin. WSl.—LycnjHxlium ditmtum, 1 , Plant with tertilr shoots; *2, scale-like sporophyll with 
sporangium ; 3, spores, highly magnified. (After Woshidm). OrnctXAL,) 

shoots, the prothallia are j»oor in chlorophyll aud are attached to the. soil by 
thizoids ; they have the form of small, half-buried, cushion-like masses of tissue 
which give rise to green aerial thalloid lobes. The archegonia occur at the base, 
of these lobes, the autheridia also on their surface. 

The prothallia are all moniecious. The antlieridia are somewhat sunk in the 
tissue (Fig. 352, C), and enclose numerous sperrimtozoid mother cells, in which 
ftinall biciliate spermatozoids are formed. The archegonia (Fig. 352, D) are con- 
structed like those of the Ferns, but have a shorter neck, whose upper cells 
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become disorganised on opening. The number of neck canal-cells differs in the 
various species (1, 3, 5, or 6-10). 

The embryonic development, which is effected differently from that in the 



Fit;. 852 . — Lycopodium cernmtin. A, Pmthallium with two arclirgoiiiu <n, ami an autbcriilinm 
•in (x 70); It , older prothullium, p, with embryonic plants 15); section through an 
iinthmidium (x 250); I), archegoniuni ; <», pgg-o«*ll ; /«•, ventral canal -on II ; hr, ilisurganiKtul 
neck-canal-cell. (After Trel’B, g 250.) 

Ferns, agrees closely with that of Sdagutdla (Fig. 357). A kuspensuu or 
kmbhyo-bearer is developed ; it is not, however, laterally inserted, but occurs on 
the contrary at the foot end of the embryo, or between the foot and the apex of 
the stem. 

Officinal. — Lycopodium, the spores of Lycopodium chuutum. and other species. 



Order 2. Selaginellaeeae ( 74 ) 


To this order belongs the gen it > Sclagitulla , represented by numerous and for 
the most part tropical species. They have, as a rule, profusely forked, creeping, 
and sympodially branched sterns, but occasionally erect, branched stems ; some 
form moss-like beds of vegetation ; others, climbing on adjacent plants, possess 
sterns several metres long. In general the Selaginellas are similar in habit to the 
Lycopodiums. They have small, scale-like leaves which usually exhibit a dorsi- 
ventral arrangement, such as is shown, for example, in the Alpine Selaginella, 
helvetica (Fig. 353), whose stem is covered with two rows of small dorsal or upper 
leaves, and opposite to them two rows of larger, ventral or under leaves. The 
development of a small, membranous lignle at the base of the leaves, on their 
dorsal side, is characteristic of the Selaginellas. 

As in Lycopodium , the cones or flower-spikes are terminal. Each sporophyll 
subtends only one sporangium, which springs from the stem above the leaf-axil. 
The same spike bears both maerosi>oraiigia and mierosporaugia. The macro- 
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sporangia (Fig. 354 ,A-C) ire spherical, and each contains only four macrospores, 
which are produced \lf the growth and division of a single spore-mother-cell ; all 
the other mother cells originally developed ultimately disappear. On account of 
the increasing size of the spores the macrosporangia become inflated and nodular. 
Opening occurs along definite lines of dehiscence, the wall splitting into two valves, 
which curve back from a boat-shaped basal portion. The spores are ejected by 
the pressure of the contracting boat-shaped part and the valves. Numerous spores 
are formed in the flattened microsporangia. The mode of dehiscence is similar in 



Flu. 3. r »3. - .1, Srhurliitltn A»'/r#7iYtt(frinn 
nature, imt. ni/e). /(, sWmiim 7/n 
ilfiifimlttta, embryonic plant with 
mucroHpore Mt ill altnclieU. (Afler 
lJisciioKK, uin^n itiert.) 



Flo. S> huji ,u lla ht'hvfirn. .*1, macrospor- 

nu^ium from ab<ue showing the line of 
• lehiNcejioe («/). /;, o}NMie«l, seen from the 

"irte ; the four macrospores, ( have been 
eji*rt«*rt. /». iiiierosporangiuiii in the axil of 
it< (.jMjrophyll. K, the same, openert. F, 
miciospores. (< about 1&.) 


these also, but the lsmt-shapcd poitioii of the wall is smaller, the valves extending 
to the base. 

The mieiDsjHires begin their development while still enclosed within the 
s]H>ranginm. The (ipore first divides into a small lenticular vegetative cell, 
which corresjKtnds £0 the rhizoid cell of Snlrinio (Fig. 346), and into a large cell, 
which dhddtjs successively into eight sterile peripheral cells and two or four central 
apenufttogenous cells (Fig. 355, A). By tin* further division of the central cells 
nutnerous’Sperm&tozoid mother cells are formed />*-/> . The peripheral cells then 
break dowh and give rise to a mucilaginous substance, in which is embedded the 
central of spermatozoid mother cells {A*). The small prothallium-cell, how- 
syer, }k» rands. Eventually the wall ruptures, and the mother cells, thus liberated, 
set free the club-shajHfd biciliate sperniatozoids {F\ Tin* reduction here exhibited 
in the formation of the male prothallium resembles that shown by the Hydro- 
jHeruiea*. 

The macrospores similarly begin their development within the sporangia. 
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After the division of the nucleus— which lies in the peripheral cytoplasm at the 



Fir., M5.-~A • A\ SelagineUa stolonifero , successive .stages in the germination of A microspore; 
prothalliuiu-cell ; w, wall-cells of antheri'iiuin ; s, spermatogenous cells ; A, li, D , lateral, 
<\ dorsal view. In K the prothallimurcell is not visible, the disorganised wall-cells enclose 
the sperma toxoid mother cells ; F, sjiermatozoids of SelagineUa cvnjndata. (After Helajkkf, 
A-E x d40, F x 780.1 


apex — into daughter nuclei and their distribution in the apical cytoplasm, the 
formation of cell walls begins. In this way, progressing from n]>ex to base, the 


spore becomes filled by a process of 
multicellular formation, with large 
prothallium-cells. At the same time, 
and proceeding in the same direc- 
tion, there begins a further division 
of these cells into smaller cells. In 
the tissue at the apex, consisting of 
small cells, the rudiments of a few 
archegonia appear, often even before 
the formation of the prothallium has 
Wen completed. The archegonia are 
usually not formed until the sjiores 
have been discharged from the spor- 
angium. 

The wall of the spore eventually 
bursts at the apex, and the pro- 
thallium becomes partially pro- 
truded. The fertilisation of one or 



two archegonia, which then takes 
place, is followed directly by the 
segmentation of the fertilised egg- 
cells in the formation of the embryos 
(Fig. 356). 

The embryogeny of SelagineUa 
is very similar to that of Lycopodium, 
a transverse wall into two cells ; the 


'm. 3.W5.— SelagineUa MarienHi. Female prothallium 
protruding from the apex of the ruptured macro- 
»jx>re ; tjm, wall of rnacrospore ; a r, an unfertilised 
archegonium ; tmh u evtb% two embryos, with sue- 
jxmsors ft, sunk in the tissue of the prothallium. 
(After PrarrER, modified, x 124.) 

The egg-cell is divided by the formation of 
upj»er and larger cell Increases considerably 
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in size, and gives rise , by the division of its lower portion, to a snspensor (Fig, 
$57, et), while th&Iower cell, by repeated division, develops into an embryo , 
provided with two primary leaves and further segmented into stem, root, and 
foot (bl, st , w, /). The foot, in this instance, has another position and origin 
than in Lycopodium . Each primary leaf has, even at this stage, a ligule (lig) 
formed by the outgrowth of the leaf-base. 

*.The suspensor is perpendicular to the axis of the embryo ; its function is to 



Fin. 8.V7. — Srhiyinella Mttrtenoii. Longitudinal sort ion of an embfyo before 
its separation from the ajwire ; rt, suspensor ; root ; /, foot ; U, leaves ; 
lig, ligules ; sf, ajH»x *»f stem. (After Pfkfff.k, x 105.) 

push tlio embryo into the tissue of tin* prothallium, with which the foot, the organ 
of absorption, is thus kept in close contact. The stem apex, with the first pair of 
leaves, eventually grows upwards, and the root also extends beyond the macro- 
spore. As the foot still remains in the prothallium the young plant continues 
united to the spore, and presents the appearance of a phanerogamic seedling with 
the seed still attached (Fig. 353, Vi). • 


Order 3. Isoetaceae ( 75 ) 

The isolated genus Isoetrs must he regarded as a persistent- branch of an ancient 
group of plants. It exhibits some affinities with the eusporangiate Ferns. The 
species of Itoctes are perennial plants, growing either on damp soil or submerged in 
water. The stem is short and tuberous, terminating below in a tuft of dichoto- 
mously branching roots, and above in a thick rosette of long, stiff*, awl-shaped 
leaves (Fig. 358). The leaves are penetrated longitudinally by four air-passages, 
and expand at the base into a broad sheath. On the inner side of the leaves, above 
their point of insertion, is an elongated pit, the fovea, containing a large sessile 
sporangium. A ligule, in the form of a triangular membrane, is inserted above the 
fovea. Jioctts thus differs greatly in habit from the other genera, but resembles 
JSeUtgincih in the development of a ligule. 

The m&crosporangia an* sit uated on the outer leaves of the rosette ; the micro- 
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sporangia on the inner. Both are tra\ 'rsed by transverse plates of tissue or 
trabeculae, and are in this way imperfectly 
divided into a series of chambers. The spores 
are set free by the decay of the sporangial 
walls. 

The development of the sexual genera- 
tion is accomplished in the same way as in 
Selaginclla, The reduced male prothallium 
arises similarly within the spore, by the for- 
mation of a small, lenticular, vegetative cell, 
and a larger cell, the rudiment ol & single 
antheridium. The larger cell divides further 
into four sterile peripheral cells, which com- 
pletely enclose two central spermatogenous 
cells. From each of the latter arise, in turn, 
two spemiatozoid mother cells, four in all, 
each of which, when liberated by the rupture 
of the spore wall, gives rise to a siugle, spirally 
coiled, multiciliate spermatozoid. The female 
prothallium, just as in Selaginclla , also re- 
mains enclosed within the macrospore, and is 
incapable of independent growth. It shows 
similarly an approach to the Conifers, in that 
the nucleus first divides into numerous parietal 
daughter nuclei before the gradual formation 
of the cell walls, which takes place from the 
apex of the spore to the base. As a result of 
this process the whole spore becomes filled with a prothalliuni, at the apex ,of 
which the archegonia are developed. The embryo lias no suspensor. In the 
structure of the embryo and of the spermatozoids Isorlett diners from the other 
Lgcopodincae. 

The Fossil Cryptogams f 8 ) 

The remains of cryptogamic plants of former geological periods afford no 
evidence as to the phylogenetic relations of the classes of Thallopliyta and 
Bryophyta. Intermediate foims between Alga* and Bryophyta and between the 
latter group and tire Pteridophyta are, as yet, unknown. On the other hand 
Phytopalaaontology has made us acquainted witli interesting long-extinct tyj*es 
of Pteridophytes which serve to complete the classification of the existing Ferns, 
Horse-tails, and Club-mosses, and in part afford a transition from the Ferns to the 
Gymnosjierms. 

The great majority of Th&llophytes are, on account of their delicate structure, 
not adapted to be preserved in the fossil condition. The absence of remains of 
many closes of Th&llophytes is therefore no ground for concluding that they did 
not exist in earlier periods. Even in the Silurian rocks remains of Algae are 
found, though they do not j*ennit of their relationship being determined. The 
remains of calcareous algae belonging to the Siphoncac are, owing to their good 
preservation, among the best known ; of these, forms are known from the Tertiary 
strata back to the Silurian, while the Corallineae } which are calcareous Red Sea- 
weeds, appear from the Upper Jurassic onwards. Among unicellular Algae the 
Z>iatomaccae , which have a silicified cell wall, are well preserved. The fossil forms 
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frequently belong to existing genera, and occur from the Jurassic onwards, 
^especially in the Oneteceous and Tertiary strata, often forming thick layers of 
Kieselguhr (diatomaceons earth). From Tertiary times onwards Characeae are 
abundant, and occasional remains are found as far back as the Muschelkalk. Most 
of the existing groups of Alg» are only to be distinguished with certainty from 
Tertiary strata onwards. 

Bacteria must have played their part in causing the decomposition of organic 
substances from very early times ; they can be distinguished in vegetable remains 
from Carboniferous rocks. The Hyphomycctes , and probably the Myxomycetes 
also, were present in Carboniferous times ; Ascornycetes living on leaves and stems 
are found from the Carboniferous onwards in all strata. Remains of existing 
genera of Lichens appear in the Tertiary rocks. 

II, Bryophyta. — Most of the examples of this group, which is rarely met with 
in the fossil condition, come from the Tertiary strata and resemble existing genera 
closely. Only isolated examples of Liverworts and Mosses occur in the older 
rocks (Jurassic, Upper Triassic). 

III. The Pteridophyta extend back to Silurian times, but were most highly 
developed in the Carboniferous period, when they formed the main mass of the 
land vegetation. With the advent of fiyinnosperms, and later of Angiosperms, 
their relative imjiortance in this respect diminished. 

1. The class of Filicinae was represented by forms belonging to the true Ferns 
or Filices at the end of the Silurian period, and large numbers of species occur in 
the Carlwniferous strata. The organisation of these ancient types was essentially 
similar to that of the existing forms. Most of the recent families were represented, 
some ( e.g . J farattiaccac) more fully than at the present time. The Cycado jiKccs, 
fern -likes' praSts with secondary thickening, only the vegetative organs of which 
are as yet known, appear to have given rise to the Phanerogams, or at least to the 
Cycmiuqt.*fi The other classes of Pteridophyta do not appear to have given origin 
to higher forms. 

The Ifydmjtterideae are known with certainty from the Tertiary rocks, hut Sal- 
vinia and Marsilia can he traced back to the Chalk. 

2. The class of the Eqnisetlneae represented at present by the single genus 
Equisetum, which can l>e traced hack to the Triassic period, was much better 
developed in Palwozoic times. The large order CalamaHeae consisted of plants 
resembling the Horse-tails in general habit, hut in some cases attaining the size 
of trees 30 metres high ; the hollow stem lx>re whorls of branches at the nodes, 
was covered with a periderm, and underwent secondary thickening. The leaves 
( Annularia ) stood in alternating whorls ; their form was narrowly lanceolate and 
at their bases they united into a sheath. In the most ancient type, Archacocala- 
milfs, they were dichotomously divided. The cones or flowers ( Calamostachys ) 
had in some the same structure as those of Eqvisetum; in most cases they were 
more complicated, whorls of scale-leaves alternating with the sporophylls. At least 
some of the Calavuirieae were heterosporous. 

3. The Lyoopodinae were also abundantly represented in Palaeozoic times, 
especially by the two great extinct orders, the Siyillaricae and the L epidd^ndrea e . 
The Siyillarieaey found from the Culm onwanls, are most numerous in the Car- 
boniferous period, and persist with one species in the Hunter Sandstone. They 
were stately trees, with but little branched pillar-like steins, which grew in thick- 
ness. They bad long narrow leaves, which when they fell off left longitudinal 
rows of hexagonal leaf-scars on the surface of the stem. Long-stalked, cqne-like 
flowers originated from the stem ; only one kind of spore was contained in the 
sporangia. 
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The Lepidodcndreae extend from the Lower Devonian to the Rothliegende, but 
are also best developed in the Carboniferous period. They were tree-like plants 
with dicliotomously branched stems which grew in thickness. The leaves, which 
attained a length of 15 cm., were spirally arranged and seated on rhombic leaf- 
cushions. The cone-like flowers {Lepidost*ubw) were l>orne on the ends of branches 
or sprang from the stem itself ; each sporophyll bore a single sj>crangiura, which 
contained either macrosi>ore» or micrnspores. 

Smaller Lycupodiaecae the predecessors of the existing species of l ycopodium, 
were already present in the Carboniferous flora, while Isoelcs is only known with 
certainty from the lower Cretaceous strata. 

IV. The small clrss of the Sphenophyllinae, which existed from the Devonian 
to the Permian and then died out, possesses special morphological interest since it 
occupies an intermediate position between Lycopodinae and Equisetinae . Possibly 
it is the least altered from the common ancestral form of these three groups. This 
especially holds for the most ancient type CJicirostrobus, which occurs in the Lower 
Carboniferous i*ocks. The cones of this genus had a very complicated structure, 
reminding one of the calamarian cone, while the anatomy exhibits an approxima- 
tion to the type of Lepulodendron. 

Tlu* species of SphenophyUum wore plants with elongated stems, bearing 
superposed whorls of triangular or more or less dichotomou sly-divided leaves. 
The cones were large and terminal, resembling those of Equisctum ; each sporo- 
phyll bore two or three liomosporous sporangia. These plants have been regarded 
as aquatic, but the structure of the elongated thin stem, with a triangular mass of 
primary xvlem and subsequent secondary thickening, rather suggests that they 
were climbing plants which grew on land. 
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Although it has long bemi customary to place the Phanerogams in 
contrast to the Cryptogams as the two main divisions of the vegetable 
kingdom, it must be admitted that the boundary between them is less 
clearly defined than those between the various groups of Cryptogams. 
The most ancient types ok the Phanerogams cokhehponim’loskly 
TO the HETEROSPOROUS PTERIDOPHYTES; the alternation of genera- 
tions is the same, and there is an essential agreement in both vegetative 
and reproductive parts in the two groups. Differences are exhibited, 
not in main characters, but in a number of secondary points which 
have attained more and more importance during the phylogenetic? 
development, and, taken together, characterise the Phanerogams as the 
most highly developed plants. 

The reason that the names of the various members of the organism 
differ in the Phanerogams and the Pteridophyta is that they were 
applied at a time in which the homologies between the two groups 
were not known. It is owing to the work of \V\ JloFMElSTEH ( :> ) that 
these relations were made clear about the middle of the last century. 
Unfortunately the older terms are strongly rooted and the male 
sporophylls of Phanerogams aVe still termed stamens, the micro- 
sporangia pollen -sacs, the microspores pollen -grains, and the 
portion of the stamen which hears the pollen-sacs, if it is specially 
differentiated, the anther. The female sporophylls are the carpels, 
the macrosporangia ovules, the macrospore the kmbkyo-sac. 

The POLLEN-GRAINS ( 4 ) are, like the microspores of Pteridophytes, 
produced in large numbers in the pollen-sacs. The development of 
the pcdlen-sacs and pollen-grains (Fig. 359) is effected in the same way 
as the homologous reproductive organs of the Pteridophytes. A cell 
layer, directly under the epidermis of the sporophylls, becomes 
divided by tangential walls into two layers, the outer of which con- 
tributes to form the wall of the sporangium, the inner the sporogenous 
tissue. The latter, by repeated division, give rise to the pollen mother 
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cells, each of which dif ides into four pollen-grains (Fig. 359). Although 
the pollen-graina sometimes remain united in tetrads (Fig. 3 GO, A\ 



Kfti, 859.-- Hrtntrmilli* .1, Transverse section ot nn almost ripe anther, showing the loculi 
ruptured in cutting ; p, partition wall between the loculi ; a, groove in connective : /, vascular 
bundle (x 14): II, transverse section of young anther (x 28) : |>art of transverse section of a 
pollen-sac ; im , |n>11imi mother veils ; t, taj^tal layer, later undergoing dissolution ; r, inter- 
mediate parietal layer, licrnming ultimately coin pressed and disoi*ganised ; /, parietal layer of 
eventually fibrous cells: r, epidermis (a 210).: l> and K, pollen mother cells after division 
(x 240). 


they are generally isolated, and have the appearance of round or 
elongated bodies, which are at first unicellular (Figs. 360 B , 361), but 



Kio. 3 U©.— d, Pollen-grains of the Heather V*«. 301.— .4, Pollen-grain of Cnntrbtia fVpo(x 240): 
u>m trulpHri*), cohering in tetrads ; /•*. It, section of pollen -grain of Cucurbita rerrucom, 

simple pollemgraiu* of the Lime (Tilia\ showing one c»f the liddike areas through which 

(x 850). the pollvn-tuVies protnule (x 540). 


eventually, in consequence of the formation of a reduced male pro- 
thallium, become multicellular. 

Each pollen- grain is provided with a delicate wall, which is 
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differentiated into a cuticularised exine, and an INTINE consisting 
chiefly of pectose. The surface of the pollen -grain is frequently 
studded with projecting points or warts, or beset with delicate and 
regularly disposed outgrowths. In addition, thinner spots (Fig. 3G1, 
A) or areas defined by a lid-like covering (Fig. 361, B) often occur 
in the walls of the pollen-grains ; they fulfil an important office as 
germ-pores in facilitating the processes of fertilisation. 

An ovule ( 6 ) (Fig. 362), when ready for fertilisation, is represented 


by an ellipsoidal body attached to the carpel, 
usually by a stalk, the funiculus. The 
central portion of the ovule is occupied by 
a club-shaped mass of tissue termed the 
nucellus. Enveloping the nucellus are one 
or two sheathing coats, the INTEGUMENTS, 
which spring from its basal portion, the so- 
called (HALAZA. The integuments are pro- 
longed beyond the nucellus as a short neck 
traversed by a canal known as the MICRO- 
PYLE. 

Sometimes the axis of the ovules forms 



a continuous line with the funiculus, the 
ovule is then straight (Fig. 363, A) } and 
is said to be atropous (orthotropous). If 


Kio. - Longitudinal section of 
the ovule of Narcisuutf poetlmts 
(after A. M kyjcr). 


the funiculus curves sharply, immediately below the ovule, so that both 


lie side by side, the ovule is inverted or anatropous (Figs. 362, 363 





Fio. 303.— A, Atropous ; anatrojiouH ; C. campy lotropoua ovules. 

(Diagrammatic and magnified.) 

B). In this, the most frequent case, the funiculus is in part adherent 
to the outer integument, and forms a suture or raphe on the seed 
along the line of contact. Less frequently the ovule is campylotro- 
pous (Fig. 363, C), and is itself so curved that the chalaza and 
micropyle do not lie in the same straight line. 

As a rule, only one macrospore, the so-called embryo-sac, is 
formed in each nucellus. Unlike the macros pore of the Pterido- 
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PHYTES, THE EMBRYO-SAC ALWAYS REMAINS ENCLOSED IN THE MACRO- 
SPORANGIUMj^LND IS ORGANICALLY UNITED WITH IT. In a few cases 
several embryo-sacs are produced in the same nucellus. 

The comparison of the spore-bearing generation of the most primi- 
tive Phanerogams with that of the Pteridophyta shows that in spite of 
the great similarity a higher grade of development is attained by the 
former. 

The Phanerogams, which stand nearest to the Pteridophytes, consti- 
tute the sub-class Gymnospermae . They must be regarded on account 
of* their morphological characters as the most primitive phanerogamic 
Plants. Their occurrence in the oldest formations, such as the 
i Devonian, while the Angiosperms first appear in the Cretaceous period, 
^further supports this. 

The Gymnosperms of the Devonian, and most of those of the 
Carboniferous and Permian periods, while showing many points of 
connection with existing forms, belong to types which have become 
extinct. The distinction between Pteridophytes and Gymnosperms was 
oven less marked than it now is. Many forms, the vegetative organs 
of which are as yet only known, combined the peculiarities of the two 
classes. These forms, the structure of which is known very thoroughly, 
aro grouped as Cyaulofilice a. The extinct genus (\ onlaitr s, the repro- 
ductive organs of which are known, shows considerable indications of 
a simpler type. The structural characters of the primitive 
Gymnosperms which are now extinct indicates the Filicinak 
as most nearly related to Phanerogams : the resemblances 
between the latter and the Lycopodinae depend on analogy. 
In the absence of any knowledge of the reproductive organs of the 
Cycadofilicea it is useless to speculate on the relationship of the 
Gymnosperms to particular groups of Pteridophyta, e.y. as to the re- 
lationship between the Mumttiamu’, which were so abundant in 
Paheozoic times, and the Cyrat/amtc, the habit of which is so similar. 

The progress which is evident on comparing tiie most 
perfect phanerogamic type with that of the Ferns is confined 

TO THE SPoRoPIIYTE, WHICH OBTAINS A MORE AND MORE COMPLETE 
EXTERNAL AND INTERNAL DIFFERENTIATION ; THE SEXUAL GENERATION, 
ON THE OTHER HAND, BECOMES MORE AND MORE REDUCED. While in 
the Gymnosperms this generation stands at about the same level as in 
the Ilyilropferideat, the Angiosperms only show feeble traces of it. 

The more complete organisation of the shoot in Phanerogams is 
most marked in the reproductive portions. In the vegetative regions 
the advance is confined to more perfect histological differentiation, 
while the sporophylls and neighl touring organs, in the higher 
Phanerogams at least, show a special external form. While great 
variety is found in the individual cases, the form of these organs is in 
all cases closely connected with the process of fertilisation, and is to be 
regarded as adapted in relation to it 
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Structure of the Flower (°). —The sporophylls of Phanerogams 
are always aggregated in groups ; a special shoot, or the apical region 
of a shoot which is vegetative below, forms the fertile shoot bearing 
sporophylls only, or, in the higher Phanerogams, a perianth surround- 
ing these. In most cases both kinds of sporophylls are present, the 
stamens surrounding the centrally placed carpels. In addition to 
such hermaphrodite flowers, unisexual ones occur. Both kinds of 
unisexual flowers may be borne on the same plant (monoscious), or 
they may occur on separate plants (Dioecious). In most cases 
unisexual flowers characterise the lower forms ; they are thus the rule 
in Gymnosperms. Where they make their appearance in higher forms 
they have originated by reduction from hermaphrodite flowers, and 
often exhibit rudiments of the organs which have been lost. 

. From the constant occurrence of flowers, it is often customary to 
refer to the Phanerogams as the Flowering Plants. It must not, 
however, be concluded that this is characteristic of the Phanerogams 
alone, for the aggregated sporophylls of the cones of the Etptisdaceac or 
of the spikes of the Lycopodiamu are true flowers standing on the 
same grade of development as those of the Gymnosperms. An 
instance of the first step towards the formation of a flower is shown 
by the existing Fern Blech nn in. The sporophylls are differently con- 
structed in the more ancient group of Gymnosperms and in the 
Angiosperms which have arisen later in the course of phylogenetic 
development. In the former they resemble closely the fertile leaves 
of some Pteridaphyla , being scale-like structures arranged in a close 
spiral around a long thin axis. The perianth is wanting or indicated 
by a few scale -I eaves. The number and arrangement of the pollen- 
sacs on the stamens differs in the several subdivisions; the number of 
ovules also varies. The ovules are naked, being situated on the 
margins of carpels which never become united to form a closed cavity. 

In the Angiosperms the floral axis is nearly always short and thick, 
and usually more or less dilated above. The floral leaves are with 
few exceptions arranged in whorls. In some apparently primitive 
Angiosperms the perianth is wanting, or is small and inconspicuous : 
in the more highly developed forms it has become the largest and 
most prominent part of the Hower. This change stands in relation to 
the introduction of a new factor into the phylogenetic development. 
While in Gymnosperms and the more primitive Angiosperms the 
agencies of wind and water serve to convey the pollen to the ovules, 
in the later forms this is effected by the agency of insects. This con- 
ducts the formative forces of the flower into new cliannels and results 
in numerous wonderful adaptations. The endless variety in form of 
the Angiospermic flower, the various colouring, the scent, and the 
secretion of nectar are all adaptations to polli nation by insects. In 
some regions (Tropics, South Africa) birds also effect the same end. 

The perianth (Fig. 364) tends to l>e formed of two whorls, an 
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section, fc'nncl <*, Perianth h, umirn cium : #/, gyn 
(feiurn. (Nut. Mize.) 


external, green, protective layer, the Calyx, and an inner, more 
conspicuous and delicate whorl, the Corolla. The former approaches 
the foliage leaves in structure, the latter is not green in colour and 

serves the purpose of attract- 

© ing the pollinating insects. 

When the leaves of the peri- 
anth are all similar or when 
j /\ only one series is present it 
J is termed the PERIGONE ; the 
A perigone may be sepaloid or 

V e In hermaphrodite and male 

flowers the whorl of stamens 

\ which, taken together, consti- 

^ tutc the Andrcecium, succeeds 

the perianth and alternates 

with it. The carpels, which in 

F, °; "m rT l ‘ r , 1 '"*''7 in l^Kitudinal herraaphr@dit e fJ 0?Wers follow 

soction. A; nnu <*, Penantli h, uudm-num : #/, gyn 1 ? , 

•feiurn. (Nut. Mize.) the stamens a&4 m female 

flowers come immediately 
above the perianth, aie termed collectively the GYNCECIUM. 

In the Angiosperms the stamens are filiform and are divided into 
the filament and the ANTHER (Fig. 306). The former serves simply 
to bear the latter, which ns a rule con- 
sists of two TIIKC.K and the connective 

between them ; each theca contains two ^ - - a 

pollen-sacs. According to the position P 

of the theca on the ventral or dorsal fu x ^‘\- i % 

side of the anther the latter is termed A ^IT 

introrse or extreme. Each theca usually iLj- f.s. ^ 

opens by a longitudinal slit, so situated V& : 

along the partition walls between the ^ 

two pollen-sacs that it is common to < 

both (Fig. 359, A). Other modes of ^ 

dehiscence will be found mentioned in 

.1 ’ll Fhj. 365.--Pon<»n.gruim*f Malm silvrxtrix. 

the special |Wllt. 5 , Spinous projections of the exine ; 5 , 

The pollen differs ill anemophilous vi-rti.ally 8 t.ri«I«l l.yer of til.' esine i 

and entomophilous flowers. In the r- from «t».vo ; pi.ee 

- .. . { . .. . mt u * **Ut. of pollen-tubes. (Alter A. 

former it is dry, so that it is easily dis- mevfk.) 
lodged from the anthers and carried 

away by movements of the air ; the individual grains are small 
and their surface smooth. The pollen of flowers which are pollin- 
ated by insects or birds, on the other hand, is sticky and remains 
attached to the anthers ; it becomes attached to the bodies of the 
animal visitors by reason of the rapid drying of its surface, and in 
many cases by spines and other outgrowths (Fig. 365). 


. • ■6- ■ ^ r ’V i jr 

*• ■ y$. r 


Fhj. 36&.> -Pollen-grain of Malm silvcutrix. 
5. Spinous projections of the exine ; s, 
vertically striated layer of the exine; 
]>. the same seen from hImjvr ; n, places 
of »*\it. of pollen - tubes. (Alter A. 
Mf.vf.ii.) 
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The stamens, although generally quite free from each other, are 
sometimes coherent into several bundles, as in Hypeiicum ; or, as in 
On mis, into a tube, or into a column, as in the case of CueurbUa. The 
cohesion may extend throughout their whole 
length (e.ff. Vucnrlnta ), or it may be restricted to 
the filaments. 

By the branching of the stamens an appear- 
ance is produced similar to that resulting from 
their fusion. It is often only possible to deter- 
mine which may »>e the case by a comparative 
study of their mode of development in allied 
forms. Sometimes the branched character of 
the stamens is indicated by the fact that the 
anthers each contain only one theca, and appear 
to be halved. Undoubted examples of branch- 
ing are afforded, for instance, by the flowers 
of Jlicinus , with tree like, branching stamens, or 
by those of the Malvaceae , in which the stamens 
are coherent belowand branched above (Fig. 307). 

The andriecium springs directly from the floral axis, or it is 
adnate to other portions of the flower, in particular to the perianth. 

The term stam inodes is applied to sterile stamens which perform 
at most only a secondary function in the process of fertilisation. 



I'm. 8M. A and Ji, anterior 
ami iKJMtcrior view of a ata- 
man of ll^osc yit mv# niger ; 
J\ the filament; p, anther; 
o, connective (magnified). 


Great weight w as former]}' attached hv'systrmati-ts to the modo of insertion of 


the andneciuin. It was then 



ustoinary to distinguish Thai a mi florae, Corolii- 
florae, or Cahjei florae, according as the stamens 
were inserted on the receptacle, the corolla, or 
the calyx. Cahjei florae , as a matter of fact., do 
not occur, as in such cases the supposed calyx is 
in reality the expanded Uoral axis. 

The GYNtEciiM is always the terminal 
structure of the flower, occupying the 
apex' of the floral axis. It is either com- 
posed of separate members, apocarpous 
(Fig. 368, A), or the members are united, 
SYNCAKPOUS (B, 0). In the first case the 
margins of each carpel are so joined to- 
gether that each forms a distinct OVAHY 


Fio. $*17.—Altham oflirinali a, flower 
cut through longitudinally ; a, 
epicalyx ; b, calyx; c, corolla; A, 

amiru-cimii. (After beuo and 0 c ] 08e( j cavity containing the ovules. 

Schmidt, magnified.) J * 

ihe carpels of a syndarpous gynoecium, 
on the other hand, are coherent and form collectively a single 
ovary, which may be either plurilocular when the coherent margins 
of the carpels extend to the axis, or unilocular if the carpels cohere 
simply by their edges, and do not turn imward, or only slightly. 

The double walls or dissepiments of a plurilocular ovary, formed 
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by the inwardly projecting margins of the coherent carpels, are dis- 
tinguished as tHUE, in contrast to the false dissepiments which, in 
rare cases (e.g. Labiatae ), are produced by ingrowths from the internal 
surface of the carpels. 

The ovary is prolonged upwards as a neck-like style, expanded at 



Fm. Ditlmut form* of gynujciu. A, Of Aeon! turn Xupellus; IS, of Lin tun 
ruitut iunmnvt ; of Nieotinua rustim ; It, styl« and sti^ina of Achillea Mille- 
folium ; /, ovary ; y, ntyle ; m, stigma. (Aftvr Utito ami Schmidt, magnilied.) 


the apex into a stigma, which may be of various shapes. The whole 
organ, consisting of ovary, style, and stigma, is termed the PISTIL. 

A completely syncarpous gyncecium possesses but one ovary and 
one stigma (Fig. .308, (/). The cohesion of the carpels may, however, 


.1 H r I) 



ill 


Fu». - TiaiiHverHe mtiuiis of ovarii'#. A, l.ohtliu ; IS, lhti}*n*ia ; (', Rhododendron , 
i>, Pimijlani ; [>l, jduevuta ; »i, ovules. (Altur I.e M aovt and Decaisxe.) 


be restricted to the Irnsal portions in such a way that the ovary bears 
as many separate styles, or a style as many stigmas, as the number of 
carpels united in the ovary (A D). The reverse wise, in which only 
the upper portions of the carpels cohere, and not the lower, occurs only 
in the AjHtcgnaceac and Asclepiadamu'. 

The style exhibits great variation in length and thickness. It is, 
for example, long and filiform in Crocus , short and thick in Tulipa . It 
is either traversed by an axial canal or filled with a loose parenchyma. 
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The stigma may be disc-shaped, ellipsoidal, capitate, bifurcate, or more 
rarely, as in Iris, corollaceous. Its surface is generally velvet-like, 
covered with papillae, and is moist and sticky. 

The ovules are always enclosed in the cavity of the ovary. They 
are developed, as a rule, fn m the margin of the carpels, and are there- 
fore in unilocular ovaries parietal (Fig. 369, D) ; in plurilocular, axile 
or axillary (//). 

Sometimes a departure from this mode ot development of the 
ovules is exhibited, and the placentation instead of being marginal is 
superficial : the ovules are distributed, as in Bnlomus, over the whole 



Fio. 370. * - < »vari»*N containing basal ovules. A, Fio. 1)71. — Ovurj of Fi mien him officinale 
Fngop.jnm e-nnUntnm (atropou.s) ; 1?, Jnuerin with pendulous ovules, in longitudinal 

moritiiHH (anatro|Mms) sh<o\n m longitudinal section. ( Uter Deiui and Schmidt, 

section. (After I n vrthi:. •• 20.) i magnified.) 


inner surface of the carpels. In other cases, again, the placentation is 
free-central and the ovules appear to he produced from the floral axis 
itself, as in the orders Cnitrospermae, Ddygonimie , and Primnlimw (Fig. 
370). In the last case, the anomalous 0 


position of the ovules is attributed to 
the disappearance of the dissepiments, or 
to their coalescence and displacement. 
The }X)rtinri of the wall of the ovary, 
from which the ovules arise, usually pro- 
jects more or less into the cavity ; it is 



termed a placenta (Fig, 369, pi). 

The position assumed by the ovules 
themselves in the cavity of the ovary may 
be erect (e.g. Fagojn/rum, Anneria , Fig. 
370), hanging (e.g. UmMliferae , Fig. 371), 
or HORIZONTAL (e.g. Delphinium , Fig. 372). 


$ 

9 

Fio. 372. Trans* erse section of an 
ovary of Delphinium AjacUt , show- 
ing ovule placed horizontally ; tt, 
ovule ; j>, placenta ; o, wall of 
ovary ; v, vascular bu tidies. (x 18.) 


The raphe is VENTRAL when it is turned towards the placenta, DORSAL 


when turned away from it. 


The flower-axis (receptacle, torus) is usually thicker than the 


flower-stalk, of which it occupies the apex. It frequently expands by 
intercalary growth between the androecium and gynoecium, into a 
disc, cupular, or urn-shaped body, which affects essentially the general 
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appearance of the flower. In the simplest cases the flower-axis is 
club-shaped, and the floral whorls succeed each other in tiers. Such 


7 




1 B Z’ V 

Fkj. 873. ~-l>inxrutnn of (.1) iiytiOKyuou* (Jl, //), i>»*iixyimu.s, uml (' ') cpi^ynous flowers. 

flowers are said to be inferior or uypooynous ; their ovaries, SUPERIOR 
(Figs. 373 374). AVhen the axis is developed as a concave receptacle, 



Flo, 37*1. 1! nt.UH flower of tin mint Wto w with numerous, sti|>eimr oauiick l>onie 

upon a olul>.*liH|>r<l r**c*'{>laele. (After IIaii.kiv, 

so that the gywrcium is inserted at tin* same height as the androecium 
or lower, but free and not coalescing with the axis, the flower is 



Flo. 87’*.-- iMtloiriil fUmot'A to lire family 

I'otrntiilii /mlwln's. Jiyjmgywouh : if, Ahhemtlhi alyu 
(Alter Fihkr in Sot. I'JttinsntJtmilUn, magmlhnl.) 


out through hmgitmiiiutlly. 1, 
, {•« rigyiioiiM ; l ints Mains, r|>igyiu>u.s. 


I'kCRir.YNovs, the ovary HALF-INFKUlOU (Figs. 373 />/>", 375 1, 2); 
but if the ovary is adherent to the axis, it is described as inferior : 
the flower as superior or kpigynous (Figs. 373 (\ 375 3). Only the 
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internal portion of an inferior ovary formed by the carpels is accord- 
ingly homologous, with a superior or half-inferior ovary. Transitional 
forms between these different modes of insertion of the oYary fre- 
quently occur ; thus a flower , may be slightly perigynous (many 
Lcguminosae) or imperfectly epigynous. 

The flower-axis can, in addition, by the formation of outgrowths of 
different natures, essentially modify the structure 
of the flower. These accessory structures are 
sometimes large and eorollaceous, as in Pamfl&ra, 
but they are usually inconspicuous and confined if A Ai 

to the Disc. The latter constitutes either a con- \Jw \ , 

tinuous ring or a circle oi glands or scales, occupy- # Jy Mjif " 
ing generally a position between the andrwcium jlfeflK r 

and gynoecium (Fig. 376). The disc usually n 

secretes a sweetish fluid, and is then termed a ■ ■<& 

nectary, in consequence of its biological function. fiu. :»7o.- Flower of fm* 
Other parts of the flower, the petals for instance, w , Caly f ; 

1 . r * corolla ; r, iliac.-gland* 

may be developed as nectaries (Acoiufiim). between the stmnmu/ ; 

Arrangement and Number of the Floral o gynarium. (After 
Leaves ( 7 ). — In some Angiosperms, as in most 8(l,MrD1, 

Dymnosperms, the floral leaves arc all or in part 
arranged spirally. Flowers in which the spiral arrangement of 
the leaves prevails, as, for example, is generally the case in the 
Jidiumculacme , are termed acyclic. 

In a large majority of Angiosperms the flowers are cyclic, and 
have their leaves arranged in whorls. Most frequently five successive 
whorls arc present, alternating regularly with each 
■ other. Of these, two belong to the perianth, two 

to the androecium, and one to the gynoecium. 
y £> /n'yJ Flowers constructed after this type are described 
\l i| fis pentacycliu (Fig. 377). 

The number of parts in a whorl is usually 
the same in the perianth and andnecium — in 
Monocotyledons generally three, in Dicotyledons 
five. This uniformity in the number of members 
in the whorls may also extend to the gynoecium ; 

i^iiucycUc^flow^ but, as a rule, particularly in Dicotyledons, the 
(iMi'im). number of carpels is smaller. The number of 

members in the whorls of the perianth, andrcecium, 
and gymecium is indicated by the terms di, tri, tetra, pentamerous, 
etc. 

A TYPICAL ANGIOSPERMOUS FLOWER IS CONSTRUCTED OF FIVE 
ALTERNATING ISOMEROUS WHORLS, OF WHICH TWO BELONG TO THE 
PERIANTH, TWO TO THE ANDRCECIUM, AND ONE TO THE GYNCECIUM. 
Flowers varying from this type have either continued in an 
undeveloped stage, as those of the amentaceous plants, or, like 




Kn:. 377. — Diagram of 
a jKjntacyclic flower 
(Lilitnn). 
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the acyclic Bowers, they belong to> a family which has been 
separated from ^ the main line of descent, or they have been 
subsequently modified from the normal type in the course of 
phylogenetic evolution, like the flowers of the Orchidaceac and 
Labiatae. 

Only such variations from typical Angiosperm flowers are 
mentioned in this general summary as may have arisen by sub- 
sequent modification. To avoid repetition the other special cases 
will be considered later in the detailed description of the single flowers. 

A simple and, not infrequent variation from the normal structure 
is presented in flowers in which the stamens of the outer whorl are 
opposite the petals, and those of the inner whorl opposite the sepals. 
An andrcecium of this character is termed obdiplostemonous, as 
distinct from the typical diplostkmokous arrangement of the stamens. 

Another of the more common variations from the original type is 
due to the MULTIPLICATION OF the whorls, often occurring in the 
andrcecium (Hose), less frequently in the perianth {Berber is), very 
rarely in the gynrecium {Punka (hnmUuu). 

A variation of even move frequent occurrence results from the 
DIMINUTION of THE NUMBER of whorls. This is often shown in 
unisexual flowers, although by no means in all cases, as the missing 
organs may ho represented by reduced and functionless parts, as in 
the similar case of the mammary glands of male mammals. Thus in 
the female flowers the place of the stamens is not uncommonly 
occupied by sterile staminodia. In hermaphrodite flowers also a 
reduction of the number of whorls is often shown. The occurrence 
of flowers with a simple perianth has already been mentioned ; flowers 
with a simple andneeium are still commoner. 

Such examples cannot, in all cases, he attributed to a reduction 
from the normal pentaeyelie type. On the contrary, they often 
represent a primitive, more simple type (e.g. the flowers of the Nettle 
and its allies). The absence of a whorl may only be referred to its 
suppression, when such a conclusion is corroborated by other evidence, 
such as, for example, may be derived from a comparison of allied 
forms, its in the case of the Orrhidareae, in which the andrcecium is 
represented sometimes by an outer, sometimes by an inner whorl, 
while the perianth and gyncecium at the same time exhibit the highest 
stage of development. 

Flowers in which the andrcecium is formed by a single complete 
whorl are said to be haplostkmonous. 

In addition to the number of the whorls, the number of the 
members composing the single whorls is subject to variation, and is 
due similarly, in many if not in all cases, to their subsequent diminu- 
tion by reduction or to their multiplication by splitting. 

A decrease in the number of the floral leaves of a single whorl 

most frequently met with in the gymecium, which, in flowers 
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: with a pentamerous perianth and rndroecium, has usually but three or 
even two carpels. Next to the gyncecium a suppression of one or more 
members of a whorl is most frequent in the andrcecium, while the, 
perianth rarely consists of incomplete whoi Is (Polygala). Multiplication 
of the members of a whorl occurs most often in the andrcecium, 
less frequently in the gyncecium (Malm), still less frequently in the 
perianth (Dryas octopetala). Floweis with incomplete whorls, resulting 
unquestionably from suppression, are met with, for example, in the 
family Scrophukriaceae , in which the genus Verhascum possesses* five 
fertile stamens, while in Scrophularia the posterior stamen is represented 
only by a staminodium, and in most of the other genera it is altogether 
absent. The origin of a pleiomerous whorl from one consisting of 



b a a 

Flo. 37, s.— A, Aetinomorphic flown* of (i< run in ui sungnim nm. Zj^otnoi pliic flown* of 

Viola tricolor. Asymmetrical flower oIOijw/h imUm. 


fewer members is equally well shown in the flowers of TUia , where the 
numerous stamens are arranged in five groups, which occupy a corre- 
sponding position to the five simple stamens of allied forms. 

The Symmetry of the Flower.— The flowers of Angiosporms are 
sometimes actinomorphio (RADfAL) (Fig. .‘178, A), sometimes zygo- 
morphic (monosymmktrical) (Fig. 378, //), or, more rarely, 

ASYMMETRICAL (Fig. 378, C). 

Radial flowers exhibit probably the more primitive structure, since 
in them the arrangement of the members varies less from that of the 
vegetative region. The derivative origin of zygomorphic flowers is 
apparent in their more complicated structure, metamorphosis, and 
reduction. Zygomorphism is always indicative of a high degree of 
adaptation to insect-pollination. 

A flower is longitudinally zygomorphic when the plane of 
symmetry coincides with the median plane of the flower, viz. the 
plane passing through its axis and the axis of the main stem (f.g. 
Orchidmw , Labiaku \ Fig. 379, A ) ; obliquely zygomorphic when it 
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cuts the median plfwe at an acute angle ( Aesculus , Fig. 379, B ) ; 
TRANSVERSELY ZYGOMORPHIC when it cuts the median plane at right 

angles ( Furnariaceae , Fig. 
379, C). The first is by 
far the commonest. 
Occasionally a plant 
which otherwise pos- 
sesses only zygomorphic 
flowers produces others 
of a radial structure. 
Such exceptional radial 
flowers are termed fel- 
< Mil A, and are regarded 
as the result of reversion 
to the primitive type. 

Floral Diagrams 
and Formulae ( 7 ). — The 
number and arrange- 
ment of the floral leaves 
are most clearly repre- 
sented by means of dia- 
grams or formulae. The 
manner in which such 
diagrams may be con- 
structed has previously 
been explained (p. 38). 
In a floral formula the 
single whorls are indi- 
cated by letters, the number of their members by corresponding 
figures, or, when their number is large or indefinite, by go . The 
union of parts is (Repressed by ( ), superior and inferior ovaries by 
a line above or below the corresponding figure, zygomorphism by f. 

Of the letters employed in such formulas K = calyx, C = corolla, 
P ** perigone, A andra'cium, U ~ gyiumum. The following are ex- 
amples of floral formula*. 

. . P3 + 3, A 3 + 3, (1(3). 

K 3, C 3, A x , G pc . 

K 3, c 3, A X , G (3). 
f K5, G3, A t, G(2). 



Flo. «7i<. - PIowhI'h of, ,1, Scuhlhrio lonv:it n«linall> 

xyKoumrphlc ; i>, .•Icwm/m* hift/HM'iwfitnuin, 
morpliir ; Corythilts httfn, tiiuisv»*rK**ly /\#)!iinrphi< > ; </, 
brarlK, 


Lily . . . 

Buttercup 
Apple Blossom 
I . 


The Inflorescence (8) 

The flowering shoot frequently bears only a single flower, which 
may then be either axillary or ftff ninal. In many cases, however, 
the metamorphosis of the geT^^ve region, which results in the 
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production of flowers, has led to + he formation of a special system 
of fertile shoots termed an inflorescence or, after the fruit is 
formed, an infructescence. Such inflorescences are wanting or 
ill developed among the Gymnosperms, while in the Angiosperras 
they are often well differentiated, constituting unities of a higher 
order. 

The modifications exhibited by the fertile shoots of such an 
inflorescence are due, partly to a difference in their mode of 
branching, partly to the reduction or the metamorphosis of their 
leaves. These changes are the result of an adaptation to pollination, 
in the endeavour to aggregate the flowers and at the same time 
render them more conspicuous by the reduction of the foliage-leaves. 
Sometimes the whole system of fertile shoots is converted into an 
attractive apparatus, as in the A raccar, where the axis ai d the 
subtending leaf of the inflorescence have assumed the function, usually 
exercised by the perianth, of enticing insects. 

Viewed from a purely morphological standpoint, two types of 
inflorescences may be distinguished, the botryosk (racemose, MONO- 
podial) and the cymose (sympodial). 

I. Botryose Inflorescences. - The main axis branches more 
vigorously than the lateral axis. 

A. LATERAL AXES CN BRANCHED 

(a) The Raceme. — The main axis is elongated and bears stalked 
flowers (Figs. 380 L, 381). 



Fiu. y>0. —Diagrams of racemose iriH<m*<vnce». A, Panicle; /.'.raceme; 

C, spike ; />, umbel ; /•:, capituluni. 

(b) The Spike. — The main axis is elongated and bears sessile 
flowers (Figs. 380 C, 382). 

A spadix is a spike with a fleshy axis ; a CATKIN (Fig. 383), a 
spike which, after flowering or when the fruit is ripe, falls as a whole 
from the plant. 
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(c) The Umbel — The main axis is contracted and bears stalked 
flowers (Figs. 380 D, 384). 

(d) The Capitulum. — The main axis is contracted and bears 
sessile flowers (Fig. 380 E). 


B. LATERAL AXES BRANCHED 


(e) The Panicle. — In the panicle, as the term is generally used, 
the main axis is longer than the lateral axis, the whole inflorescence 
being correspondingly elongated (Figs. 380 A, 
385). 

A CORYMB is a flattened panicle ; an an- 
THELA a panicle in which the lateral axes over- 
top the central axis. 





Km. m. 

Ilnci'ino of 1 . nutria xtriata. 

it, bracts. 


Km. asi. 

Spike of i'lantihjn hme^ntitta. 
(After UccilAHTKF.) 


Km. ana. 

Catkin of Otrylux Jmaricana. 
(After Dl'CHAIlTKE.) 


II. Cymose Inflorescences. — The lateral axes grow more vigorously 
than the main axis for the time being, and form a pseudaxis. 

(«) The Monochasium. — E ach relative main axis produces only 
one branch. 

A monochasium is termed a helicoid cyme or bostryx when the 
lateral branches always arise on the same side of the pseudaxis 
(Fig. 380 C), a roorpioid cyme or cincixnus when they occur 
alternately on opposite sides (Figs. 386 i>*, 388). 

(b) The DtcHAKtUM. — Each relative main axis produces two 
branches (Figs. 386 J, 387). 





Fio. 386. — Diagrams of cyrnosc inflorescences. A , Dichasiuin ; li, cincinuus, or scorpioid cyme : 
V, bos try x* or helicoid cyme. 
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(c) The PleiochaSIUM. — Each relative main axis produces more 
than two branch*#. 

Cymose frequently resemble racemose inflorescences, and are then 

termed cymose panicles, 

CYMOSE SPIKES, CYMOSE RA- 
CEMES, etc. 

The fleshy portion of the 
Fig corresponds to a highly 
ramified, cymose branch-system, 
and must therefore be classified 
here. 

By the further branching 
of an inflorescence, compound 
inflorescences may occur which 
are constructed after the same 
type (e.g. the compound umbel 
of the Umliclli ferae ), or consist 
of a union of several types (c.g. the corymbs of Achillaca formed by 
an aggregation of capitula). 

An inflorescence is also usually provided with more or less 
reduced braeteal leaves or hypsophylls ; those from the axil of which 
a flower or flowering shoot springs are called SUBTENDINC LEAVES or 
BRACTS, while the leaves borne on the stalks of the flowers are desig- 
nated bracteoehs or prophylla (Fig. 389). 

Some examples limy be added to the preceding general account of the pbylogeny 
of the flower. Taking the most primitive of living (ivninosperms first, we find that 
Cycas, the habit of which recalls a tree fern, is dhecious. The male tree produces 
in the axils of the large pinnate leaves several male flowers, each of which is a 
short lateral shoot, the basal portion forming the stalk of attachment to the stem. 
The stamens are large scales bearing a considerable number of pollen-sacs on the 
lower surface. 

The female flower of Cycas is not a lateral hraneli ; the main axis of the female 
tree flowers periodically. In place of vegetative leaves, carpels arise at the growing 
point., and these, arranged in close spirals over a definite region of the stem, form the 
female flower. The carpels are not green, much smaller than the foliage leaves, 
and thickly covered with brown hairs. They resemble the foliage leaves more 
than the stamens in form, lxnng of large size, pinnate above, and bearing the ovules, 
which attain the size of a cherry, laterally towards the base. 

The male flowers are nearly as simply constructed iu the Coni/era c, to which 
higher group of (Symnosperms most of the existing forms belong. Their stamens 
ate scale-like and usually bear a definite number of jadlcn-sacs. The construction 
of tin* female flowers and inflorescences is less simple, so that difficulties have 
arisen in the interpretation of their morphology. In them also, however, scale-like 
structures bear the ovules, which are usually definite iu number. 

In the t'Hffmrac, to which the highest jtosition in the system of classification of 
the Oymnosporms is accorded, an approximation to the Angiospermic flower is to 
Imj seen {e.y. in Ephrdm ). The floral axis is short, a perianth U develo]H>d, and 
both sexes are united in the same flower. 
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It is a doubtful question which Angiosperms are to l)e regarded as the most 
primitive, since paleontology affords no clear evidence on the point. The Poly- 
carpi? a c are often taken as the original type of the Dicotyledons and the Liliaceac 
of the Monocotyledons. On the other hand, ihh place is often given to those 
forms with small unisexual flowers, a .epaloid perianth, and an indefinite number 
of stamens and carpels in the flower, r.g. the simplest Hrlobiear and Awnttaceae, 

Great complications enter into the phylogenetic development of the Angiosperms 
owing to the arnicas' 4 in number, suppression, and union of the members of the 
flower; the occurrence of zygomorphv and the aggregation of flowers into unities 
of a higher order are further causes of difficulty. The most highly organised 
zygomorpliic flowers ire found in the Orchidaccae and Zi ngibc ramie and are 
described in the special part. In this plaiv the relatively simple flowers of the 
Sc.roph uhiriact ae and Labia tac mav be mentioned ; Salma. is a striking example of 
the latter. The perianth is clearly divided into calyx and corolla, the component 
members of both whorls being coherent. The simply constructed calyx serves to 
protect the bud ; the corolla is two-lipped by the unequal union of the petals. 
Of the five stamens, which the ancestral form, in common with the less highly 
differentiated relatives of these orders, possessed, one is completely suppressed, two 
an* represented by staminodes, and two are preseut but developed in a peculiar 
manner. The two halves of the anther are separated by a great development of 
the connective ; one of them is fertile, while the other theca forms a sterile lobe. 
The two carpels are divided into four chambers by deep constrictions. How 
wonderfully this structure stands in relation to the mode of pollination is evident 
from p. 2M). 

The Compoxit(i'\ which are usually regarded as standing highest in the phylo- 
genetic series of the Angiosperms, or at least of the larger suh-di vision, the 
1 dicotyledons, afford the best, example of the aggregation of flu* single flowers into 
unities of a higher order which arc popularly called flowers. In Chrysanthrmum 
h ucnnUu nunn the capitulum is surrounded by an involucre, of bracts resembling a 
calyx ; these bracts arc quite different from the foliage leaves and, like a calyx, per- 
form the function of protect ing the young flower-lmds. In other Conipoxitar the 
imoluere serves other purposes in addition, and has a more peculiar construction. 
The peripheral flowers of the bead are zygomorpbie, while in colour, and female, 
the central florets are yellow, actinomorpliie, and hermaphrodite. 

The Sexual Generation ( ,J ). — The sexual generation of the 
Phanerogams is closely comparable to that of the heterosporous 
Pteridophvta. As compared with the homosporous Pteridophyta it 
is very poorly developed ; this is especially the case with the male 
prothallus. 

Numerous mother cells of the pollen are formed in the pollen-sac, 
while only a single mother cell of the embryo-sac is developed in the 
nucellus. The pollen-grains are formed by the tetrad division of their 
mother cells. In many cases the mother cell of the embryo-sac also 
divides into four young embryo-sacs ; in other cases three, or two 
young embryo-sacs arise, or the mother cell may be directly trans- 
formed into the embryo-sac. Even where several young embryo-sacs 
arise from the mother cell, only one continues its development. 

The Male Prothallium ( u ) of the Gyninospcrms resembles that of 
the heterosporous Pteridophvta in that a small cell is cut off laterally 
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by a curved wall from the large pollen-cell; the latter is to be 
regarded as the" Vegetative cell of the prothallium, while the small 
cell corresponds to the rudiment of the antheridium. By one or 

two cell divisions parallel to the first, a 
f }{ chain of two or three cells may be formed, 
the innermost of which is the antheridial 
m£$m cell. This gives rise to two generative 
Ip! 'j® cells, which in the most primitive Gymno- 
sperms ( Cycadaceae Fig. 390, Ginkgoaceae) 
* / develop as spermatozoids ( 10 ), in the higher 

Gymnosperms as naked cells without cilia. 

The Male Sexual Generation of the 
Angiosperms ( 9 ) shows a further reduction 
f«g. a 9 o.~j, Six'mmtuzoi.t of /Miaio a8 compared with the Gymnosperms. A 

Uitrgn/oUn. (x i»0.) H, Knd of r , u • r l n • J , j £ ,, 

a poiien-tuiw ji.wt before fertii ma- small antheridial cell is separated from the 
tion, Hhowing the two K|M»nuato- pollen-cell (Fig. 391), but no cell wall forms 

mwu and the «taik.<*eii. (x «>.) between the two, and a row of cells is 
(After Wkhhbii.) . . . rrn . ... . .. 

never developed. The antheridial cell 
divides into two male sexual cells ; spermatozoids are not formed. 

The Female Sexual Generation (’) of the Gymnosperms is closely 
connected with that of the heterosporous Pteridophytes, especially 
with Srlaginrlla. As in the latter genus, numerous nuclei are first 
formed by free nuclear division, which arrange 
themselves around the wall of the embryo-sac ; &+ 

by the later formation of partition walls a paren- Mrh 

chymatous tissue is formed which gradually fills 
the embryo-sac. Archegonia arise from some of 
the superficial cells of the upper end of the pro 
thallus. The archegonia while constructed cm the ek*'- ' ’ jfy 
same plan are more simple than in the Pteridophyta ; 
they consist of a ventral jmrtion enclosing the 
ovum, the neck consisting of a few cells, and the 
ventral canal cell, which lies just below the neck. grain* "after tiivisi/.n 

Only the neck canal cells are wanting (Fig. 392). into an antiM-ruiiui 

In the Fertilisation of the Gymnosperms (°) the CHl1 

pollen-grain, which has been carried by the wind 
to the micropyle of the ovule and has thence passed into a depres- 
sion of the summit of the nueellus (the pollen-chamber), puts out a 
pollen-tube. In the formation of this the intine alone takes part, 
the exine boing simply brbken through. A pollen-tube of this kind is 
characteristic of all Phanerogams which Enijlkk has therefore termed 
Siphon ogams ( Embrifophyta Siphonogamt t). 

The male sexual cells pass into the growing pollen-tube. The 
latter, influenced by chemotactic stimuli, grows down into the tissue 
of the nueellus until it r&tchcs an archegonium. It bores through the 
short neck of the archegonium, and its tip penetrates to the ovum. 
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Qii one of the sexual cells fusing with the ovum, fertilisation is 
effected ; the most obvious feature of this is the union of the male 
nucleus with the nucleus of the ovum. 

. The thu’taceac, which we have already seen to he the most highly developed 
and the most recent Gym nos perms, show important and interesting peculiarities 
in the development and structure of their female prothallium. Of the three 
genera forming the order, Ephedra agrees entirely with the coniferous type, in 




Fie. — Median longitudinal section of rut ovule 
of I ‘Um ri'I'Hiris. c, Kmbryo-sae filled with endo- 
sperm : ", archegonium showing ventral (o) and 
in'ck jxu tion (*); h, nucleus of egg-cell ; uc, nueel- 
Ins; ji t jtulh*n-grains ; t , ]Kdlcu-tuhc ; i, integu- 
ment : s, seed-wing. 


I'm. ItOU. Embryo-sac of dnetiivi shortly 
before the conjugation of nuclei takes 
place. /«, ujs*x of n pollou-tllhc ; wh, 
male nuclei ; <c/\ female nuclei ; j>k, 
disorganised nucleus of the fiollen-tube. 
(After (i. lv AitsTKN. . x 32.1.) 


iniwUsdua the arcltegonium is reduced to a single cell, while in Gncium ( J1 ), 
which produces a numl>er of macrospores, the arehegouia are entirely wanting. A 
prothallium may he formed in the basal j>ortioii of the enthryo-sae (fin. Ouemon) 
or may he entirely wanting. The layer of protoplasm lining the embryo -sac 
contains numerous free nuclei which are capable of fertilisation ; several are 
fertilised, since more than one pollen-tube reaches the embryo-sac, and each of the 
two generative nuclei conjugates with one of the egg-nuclei. After fertilisation 
a more or less abundant formation of endosperm takes place round the growing 
zygotes. Only one of the embryos reaches full development in each ovule. 

2 F 
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The Female Sexual Generation of the Angiosperms’ (°) is much 
further reduced t|an thatof the Gymnosperms, and differs both in its 
mode of origin and in its mature state more from the latter than does 
the female prothallus of the Gymnosperms from that of Selaginetta. 

The ovule usually contains only a single embryo-sac. Within the 
latter there are not, as in the Gymnosperms, numerous cells forming a 
continuous tissue, but only six cells, which are found in groups of 
three at either pole of the embryo-sac, and remain naked until fertili- 
sation. 


The group at the micropylar end of the embryo-sac is termed the 
egg-apparatus. It consists of the ovum and of two cells, which remain 
stabile, and on account of the ]>art they play in the process of fertilisa- 
S tion are called synkkuiix*:. The cells 



I'hi. i$M4. Ovary of fo/mtf* 

ruin* Uuriuj; fVrtiliitation. /*, Stalk- 
llko 1k*m* of ovary : /w, funlculu# ; 
chaltmi ; n«i. ; ni i , nucrupyU? ; 

inner, 4C. t»ult*r ; *\ 


at the opposite pole of the embryo-sac 
are called antipodal cells. 

The egg - apparatus and antipodal cells 
originate in this way. The. nucleus of the 
embryo- sac divides into two. Of these, one 
moves towards the upper mieropvlnr pole, the 
other towards the lower or cbulazal pole. Each 
liueleus then gives rise by repeated division 
to four nuclei, around three of which proto- 
pln.Nin becomes aggregated, while the remain- 
ing two nuclei, withdrawing towards the centre 
of the einbrvo-sae, meet and fuse into the de- 
finitive or secondary nucleus of the embryo- 
sac. The three naked erlls at the micropylar 
end develop into the egg-apparatus, the three 
at tlie clmlazal end into the antipodal eell.s. 

Fertilisation in the Angiosperms ( 9 ). 

While in the Gymnosperms the 
pollen-grains germinate on the summit 
of the nucellus, this Dikes place in 
Angiosperms on the stigma ; the pollen- 
tube has thus to traverse a considerable 
distance through the stigma, the style, 
and the cavity of the ovary before the 
ovum is reached. Usually the pollen- 
tube gains entrance to the ovule by the 


ihryo-Hftc; a-, tmcimis of embryo- iniiTOpvlc (Fig 394); in several groups 
ki i«; ;««, (\4\) lompwme), cases are known in which 


the pollen -tube makes its way through 
the funiculus or the integuments (Fig. 395) and reaches the 
embryo- sac by the cluil&zal end ( l2 ). As a rale special conducting 
tracts ( lJI ) are present on the wall of the ovary and at the funi- 
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cuius which bring the apex of the pollen-tube to the vicinity of 
the micropyle, where chemotropic influences determine its entrafice. 
The apex of the tube thus reaches the synergidee (Fig. *396). One of 
the two generative cells penetrates into the ovum, and fertilisation is 
effected by the fusion of the two nuclei. The synergidm disintegrate, 



JKi<.. 3iC». - Ovule <>l 1 1 hi uk iwthnintlotKi. -s, Kmbno 
»ut* ; »<, micru]i.vl<> ; ch, rhaluzu ; f , po<‘k<<tdik«' span* 
iM'tWH-u tin* Tim pa, 

Uatrs «lir*M:tly through the two Hitcginm'iits and 
n*Mt*li»>s tlioapex of th* 4 nucHlus. (Afl«*r Nawam'Min.) 


Flo. 3‘Mi. 1'nnkin HtuiUt. A|«*\ uf 
imctdlus, Allowing part o! embryo- 
sar and ••gg-apparatUK. A, Ibd’oiv, 

/*, during t'crtili.nat ion ; «•, egg-wll ; 

*, h) ncrgidir ; t , |x»JI<«u>t tt Im* ; «, 

nuni’lluH. ( . 3iiQ. ) 


while the fertilised ovum surrounds itself with a cell wall, and as a rule 
forms a row of cells separated by transverse walls, the proembryo. 
The terminal cell of the proembryo gives rise to nearly the whole of 
the young plant. 

According to the investigations of X.uv ascii in, Gtn.NAUD ( 14 ), and others, one 
of the two elongated, spirally -wound, vermiform male nuclei fuses in the Angio* 
s|wrnis with the nucleus of the ovum ; the other fuses with the two jKilar nuclei of 
the embryo-sac or with the definitive nucleus resulting from the previous fusion of 
these (Fig. 397). After this fusion the formation of the endosperm commences. 

During the development of the embryo a parenchymatous tissue, 
termed the endosperm, is formed within the embryo-sac, usually 
completely filling its remaining free space ; this arises by a process of 
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multicellular .formation preceded by free nuclear division or by repeated 
cell-division. Ih some species of plants the endosperm is completely 
disorganised and supplanted by the growing 
embryo; in other cases it occupies a larger or 
smaller part of the ripe seed. 


Important differences from the usual state of tilings 
are found, according to Tukub ( la ), in Camarina, a genus 
which is the representative of a very peculiar type. 
This plant possesses, in contrast to the other Angiosperms, 
a bulky sporogcnous tissue from which a large number 
of embryo -sacs arise. Each of the latter contains an 
egg-apparatus, consisting of 1-3 cells, which are derived 
from a single mother cell. The u neighbouring cells” 
when present have more in common with canal-cells than 
with Hynergidu*. There are no antipodal cells. The 
formation of the endosperm has already started by the 
free formation of nuclei in the lining layer of cytoplasm 
before fertilisation has taken place. 

Further Development of the Fertilised 
Ovum. The Embryo ( 9 > 16 ). — The fertilised 
ovum soon undergoes divisions and develops 
into the embryo. In the Ovmnospkkmk the 
nucleus of the embryo resulting from the fusion 
of the male and female nuclei undergoes re- 
peated divisions in the end of the egg-cell 
opposite the neck of the archegonium. Four 
cells are thus produced lying in the same plane, 
which by transverse divisions give rise to several tiers of cells (Fig. 
398, 1) F). The four cells of one of the upper tiers elongate into 
four long tubes, and push the cells destined to become the rudiments 
of an embryo deep into the tissue of the prothallium. From these, 
by further division, cither a single embryo arises or, by the longi- 
tudinal division of the embryonic rudiment, four embryos are formed, 
only one of which, however, attains its full development. 

At first the embryo is a mass of cells showing neither external nor 
internal differentiation. As it develops it exhibits, owing to the 
unequal growth of its parts, an external segmentation, which corre- 
sponds to an internal differentiation of its tissues. In an old embryo 
it is possible to distinguish the unbranched radicle, the tip of which 
is directed upwards, the hypocotyledonary stem, and the cotyledons, 
which differ in form from the later leaves. The number of cotyledons 
is not constant in the Gymnosperms ; it may lie two or several. The 
minute bud, which occupies the apex of the embryo and is surrounded 
by the cotyledons, is the plumule from which the further development 
of the shoot proceeds. This embryo is very similar in its differentia- 
tion into members to that of Sehtginelte. 


Fhj. 8t>7. -* Fertilisation of 
I /ilium Mnrttvjwi. One of 
the male nuclei is close to 
the nucleus of the ovum, 
the other is in contnet 
with the nuclei of the 
embryo-sac. 
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In the Angiospkrms the feitilised ovum surrounds itself with a 
cell wall and becomes 
converted into the pro- 
embryo by successive 
transverse divisions. 

The terminal cell of the 
proembryo forms the 
main part of the em- 
bryo, ihe adjoining cell 
contributing also, while 
tilt* other cells form the 
suspensor. As in the 
Gvirmospeims, the sus- 
pensor elongates and 
often allows special adap- 
tations for the nutrition 
of the embryo. The 
latter is represented at 
first by a multicellular 
sphere terminating the 
filiform srspKNsoi:, and 
I >eeom i *s d i ftcrcn tiut c< 1 , 
generally before the seed 

ripe, into a radicle, 
hypocotvl, and one or 
two cotyledons. The 
number of <ot\ledons 
developed is, as a rule, 
constant and furnishes 
the most characteristic, although by no means the only method of dis- 
tinguishing the two divisions of the Angiospcrms, which are accord- 
ingly termed Monocotyledons and Dicotyledons. 

The embryo shows so much variation, not only in both divisions of Ihe Augio- 
sp«rms, but within the different families, that no general scheme of embryonic 
development can be given. In many Dicotyledons, for example, in Cajtnclla bursa 
fhtstoris (V ig. 39P), where the development of the embryo is particularly easy to 
follow, the end of the proembryo farthest removed from the micropvle is converted 
into a row of cells by the formation of transverse walls. The terminal cell cxjumds 
into a sphere, and, undergoing division, becomes divided into octants. Each octant 
cell is further divided by perielinal wall.-* into an outer and an inner cell. The 
outer cells form the epidermis ; the inner, by continued division, give rise to the 
iundamental tissue and the vascular bundles. The upper half of the sphere develops 
into the cotyledons and plumule, the lower half into the hyjfocotyl and root. The 
root is derived in part also from the hypophysis, a cell resulting from the trans- 
verse division of the next adjoining cell of the suspensor. 

The cotyledons first appear as protuberances from the upper half of the sphere. 
The plumule does not Income differentiated until later. 





Kio. ~ rxhjuriii. A, KgjM'rll vntli loudens (>m) ami 

wntral canal -cell p/); /;, e^ii-eell in pioeess offer! ilnsation : 
ii «, nucleus of ep; ; *». the male nucleus which lias pissed 
from tin- jH»lleu*t utw- (/d into tin* e^-eell ; C, later sta^e. 
showing tin- two nuel i in process ul fusion ; /», lower part 
of e^ f , slmwiiiK two ol the tour nuclei; /v, /*', successive 
stages. p >ultin^ in the formation of tour rows of cells (two 
ohh v isiMe) arranged in tiers; o, the cells of the middle 
t.*r lm\» elongated and pushed the lower tier of rolls, 
which h.tve undeij^one div ismn. into the eiidoHpenn. (xl»0.) 
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In Monocotyledon^ th® single cotyledon is usually developed at the apex of the 
embryo (Fig. 40 but in some cases (Dioscoreaceae) it arises laterally, as in the 
Dieotyledons. 

Adventitious embryos are sometimes produced by both Dicotyledons and 
Monocotyledons (e.ff. Funkin ovata) by the budding of cells of the nucellus in the 



Ffo. HW.- Nttww in tin 1 of tin* »Mnbryo of 1'npsello 

imrw (/I*/)), h, Hypophysis; ft, snsp«*nsor ; c, coty- 

IwIoiik ; p, (After II ansti.in, niu^nitinl.) 



Fit;. 400. — Young embryo of 
A lima Plan tarjo. t Coty- 
ledon ; r, growing point. 
(After Haxstkin, 
lied.) 


neighbourhood of the egg-apparatus. The fertilised egg, as a rule, does not then 
continue its development. In the ease of Corfehtufiptc,. adventitious embryos are 
formed even when no fertilisation of the egg has taken place. Seeds in a ripe 
condition, which contain several sneh adventitious embryos, afford examples of 
roi/YKMURYoNY ( n ). Ovules provided with several embryo-saes do not exhibit 
polyembryony, as in that ease only one embryo attains full development. 

The formation of the embryo is not, as in the Gymnosperms, the 
only result of fertilisation. In the Gymnosperms those male nuclei 
which do not fuse with the ovum simply disintegrate. In Angio- 
sperms, however, as Nawaschin and Guiunaud first showed, the 
SECOND OF THE TWO SPERM-NUri.Kl DERIVED FROM THE POLLEN-OEAIN 
FUSES WITH THE NUCLEUS OF THE EMRRYO-SAC. After this fusion the 
nucleus of the embryo-sac divides into two. liepeated cell division 
or free nuclear division follows, and leads to the formation of a paren- 
chymatous tissue, the endosperm, filling the embryo-sac. The forma- 
tion of this tissue may be regarded as a continuation of the interrupted 
development of the prothallium, which in Gymnosperms is completely 
formed before fertilisation. The result in both cases is the filling of 
the embryo-sac with a nutritive tissue. 

The Seed ( ,H ). — After the embryo has attained a definite stage of 
development, varying in different species, its further growth ceases, and 
parting with its constituent water, it passes into a dormant condition, 
from which, after the lapse of a longer or shorter period, it emerges 
only when abundantly supplied with water. The other parts of the 
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ovule also increase in size, after fertilisation has been effected, and 
undergo extensive internal modification. As a result of the changes 
incident upon fertilisation, the ovule becomes converted into a SEED. 



A B 


Fio. 4ol J, Seed of J l !!•>*' i/onnoc showing 

tin* Dicotyledonous embryo einh.-riricri in *he 
endosperm /•', seed of EUtUn'in Curifamovunn, 
em eloped l»y -i thin aril: the white, mealv 
pemperm next t<> the s.-eri-eoat encloses an 
oleaginous endosperm (shaded), in which the 
Monocot j ledonons < mhryo lies eml Molded. 
(Alter Ukku ami S« liMioT. magnified.) 



Fm. 402.- I'upsettH Irinw }w#toris. A , Long!* 
tiidinal section of a ripe seed ; //, liypocotyl; 
c, cotyledons ; v, vascular bundle of t he 
fuiiicle ( x 2(0; IU longitudinal section of 
the seed -coat, after treatment with water ; 
*>, the swollen epidermis; e, brown, strongly 
Uiickene-l layer ; *, compressed layer of 
cells; o, aleiirone grains ( x 240.) 


The DEVELOPMENT OF SEEDS, OK ENCLOSED MAC iROSPt )RAN< »! A 
CONTAIN I NO EMBRYOS, is A DISTINCTIVE CHARACTERISTIC OF THE 



Flo. 4 ors. Fait of sects »n through om of the cot y- Fi«». 404. — Cell Irom the endosperm of 

ledons ol tin* Fea. showing cells with reserv I'hytelephn* ntwrtn-nrpa, with reserve 

material, mu, Starch grains ; <»;, aleurone grains ; cellulose. ( x 22.1). 

j\ protoplasm ; w, nucleus. 



Phanerogams. In conformity with this distinction, they are also 
termed Seed-plants or Spermapiiytks. 

Tlie essential parts of the seed, which are always present, are the 
seed -coats developed from the integuments of the ovule and the 
embryo (Fig. 402). Frequently a parenchyma rich in nutritive 
material is formed between the embryo and the seed-coats. When 
this nutritive tissue, or so-called albumen, is derived from the nucellus, 
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it is termed the pijrisperm (Fig. 401, B); when developed within the 
embryo-sac,’ the ENDOSPERM (A). If the seed is provided with neither 
endosperm nor perisperm (Fig. 402, A), the ceils of the embryo itself 
are filled with accumulated reserve material. The endosperm, or, 
in its absence, the tissue of the cotyledons, is usually thin -walled 
(Fig. 403) ; the cells are filled with aleurone grains, starch, and oil. 
Sometimes, as in the endosperm of Phytelephas mucrocarpa, which 
is called vegetable ivory from its extreme hardness, the cell walls are 
greatly thickened and consist of nearly pure cellulose (Fig. 404). On 
germination these various reserve materials are converted by the 
action of ferments into diffusible substances (ejj. sugars, amides, etc.) 
? for the nourishment of the young plant. 

The seed -coat is variously constructed, usually hard and dry ; on 




40f>. — of Elrtlnrio vtuthtimmuiu. 
M, Mu'ropyUt : .V, liilum; /., rapln* ; « h, 
rlmla/A ; Ar, tuillus, < A fti*** A. Mkw.k, 


I k.. 4»m\. .4, Si><*d of I’ujHU'er Wuu-us ; /i, tU<* 

Itilmn : M'«al of Oin/t iulm «*7» <•«»/« i<rn ; nt, 

mimipyU*; «\ earuuculii : sml of cluli- 

mijvs : 0, aowl of nlha 

w 1U1 its arillus. !>»*« lunmr.) 



its smooth or variously sculptured surface the mark of attachment 
of the funiculus, the hilum (Fig. 100, A , h) is often visible. The 
inicropyle also is often recognisable as a minute depression of the 
surface (Fig. 400, B, w). In certain eases an outer succulent covering, 
the AKlLLUs (Figs. 405, 400, lf\ arises from the chalaza, or a smaller 
outgrowth morphologically equivalent to the arillus is present 
(CARCNCULA, Fig, 400, B y (')• 

The Fruit ( ls ). — The influence exerted bv fertilisation is not restricted 
solely to the formation of the seed. Other parts of the flower also 
undergo modification and are adapted to new functions, such as the 
protection and dissemination of the seeds ; while those parts which, 
after pollination, are no longer of service, ultimately wither. 

The product of the changes indited by fertilisation in 

THE PERSISTENT PARTS OF THE FLOWER IS TERMED A FRUIT, The 
formation of fruit, as well as the development of seeds, is an essential 
characteristic of phanerogamic plants. Like the flower from which 
it is produced, the fruit may also have a more or less complicated 
structure. In the simplest cases it consists solely of the carpels 
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(e.g. Cniciferae ), which, with the s<. eds, always constitute the essential 
part of the fruit. Sometimes the flower-axis performs an important 
part in the formation of the flower, particularly in perigynous and 
epigynous flowers (t\g. Rose, Apple). Less frequently, the leaves of 
the perianth are transformed into part of the fruit, as in Spinach, 
when they form a hard, spinous envelope about the gyncecium. The 
andrcecium, on the other hand, always disappears after pollination 
has been accomplished. 

Th« om*e prevalent custom of considering the fertilised gymmum alone as 
the fruit is productive of great confusion. According to this view, only the 
central portion of an Apple, for example, constitutes the fruit; while the larger, 
peripheral portion, derived from the modified axis, would not be regarded as 
belonging to it. Tin* definition of .» fruit given above is that adopted by Kiriu.Kk. 

The fruits of Gy mno, sperms are very simply constructed. The 
flower undergoes only a f< w changes in becoming a fruit ; it increases 
m size, its carpels become harder and more strongly lignified, or, as in 
•Juniper, they may become succulent. 

The fruit of Angiosperms has a more varied and complicated 
structure. The fruit possesses a different structure according as it is 
derived from an apocarpous or a syncarpous gymecium. In the first 
case the ripe carpels are separate and are termed fruits ; in the 
second the carpels continue united, at least until the maturity of the 
fruit. A fruit of a more complicated structure occurs when other 
members of the flower than the gynmeium take part in its formation. 

That part of the fruit enveloping the seeds, consisting sometimes of 
the carpels alone, sometimes of the carpels and the adherent receptacle, 
is termed the pericarp or fruit-wall. The pericarp frequently 
appears to be differentiated into zone-like layers of tissue. The 
outer layer is then termed the enocarp, the innermost the endocarp, 
and the layer sometime.* lying between them the mesocarp. 

According to the character of the pericarp and its condition at 
maturity, several varieties of fruit have been distinguished, of which 
the following are the most important. 

I. The Capsule. — Fruit with a dry pericarp, dehisci rig at maturity. 
Most frequently the carpels separate from one another by longitudinal 
slits (septicidal dehiscence), or each carpel is split in half longi- 
tudinally (loculicidal dehiscence, Fig. 407, B). In more rare cases 
the seeds escape through pores (poricjdal dehiscence, r.g. Antirrhinum , 
(Fig. 407, C). 

The following distinctive forms of capsules have been recognised. 

( a ) The follicle, consisting of a single carpel, which dehisces along 
the ventral suture ( Paevnia , Aconitnm). 

(h) The LEGUME or pod, consisting of a single carpel, which, 
however, dehisces along l>oth the ventral and dorsal suture (Pea, Bean, 
and many other Lcgumim&t * ). 
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(c) The siliqua, consisting of two carpels, which separate at 
maturity, leaving a persistent partition wall (the majority of the 
Crmfcm, e.g. Capsella bum pastons). 

(d) The PYXIDHTM, opening at maturity with a lid-like Valve 
(Anagallis (Fig. 407, 7), E) Hyoscyamus). 

■ II. dry Indehiscent Fruit— This type comprises fruits with a dry 
pericarp, which neither dehisce at maturity nor break up into separate 



Fla. 407. - Mixhtft of of rajwmlar Iri/itn. A, ft, I ‘inln hirttlwc ajistilo lu;fore ami after t ho 

ijeliineeiire ; <\ jxirriclilftl CRp#ul<; of Antinhhutm wnjus (maiuiitb'/l) ; ]>, K, pyxiVJ/iim of 
AwmiUb o nviixin Ix'fore nn<J afler rMijumirr*. 


carpels. Indehiscent fruits with a hard dry pericarp are termed nuts 
(Fig. 40S, A). An indehiscent fruit containing one seed and having a 
leathery pericarp is distinguished as a cARYnpsis (Grasses) if the ]>eri* 
carp is adherent to the need, if not it is termed an ACHKNK (Compositor 
Fogopyrum, Fig. 408). 

III. The Schizocarp is a dry, many -chambered fruit, in which the 



Flu, eb. l»ry ImMiUM'ftiit fruit** .1, N«»i «»t hu»o,r- I n., 4o , . , .“8chizocari> of ftVr/.im 
ujHnmih* ( \ <»>; ft, AcHi'tU' of moHuwk (After lM chmuki , 

(x ‘.'V (After OrnuRTRiX * <■) 

carpels separate from one another at maturity without dehiscing {I’m 
Malm, Caiinm } Fig. 409). 

IV. The Berry has both a juicy eiuWarp and mesoearp (Graja*, 
Apple). In a few eases fruits of this tyjie dehisce at maturity by slits 
{)hjnstv‘i\\ or liecmue irregularly ruptured (Erf allium). 

V. The Stone-fruit or Drupe.— The ]>ericarp is differentiated into 
a soft, generally juicy, exocarp and a hard endoearp (Cherry, Walnut). 
A single stone-fruit may contain several stones (Ehammis cnthortCn). 
The exoearp is sometimes dry and spngv (toeomut). 
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The term spurious fruit may be applied to such cases a a the Fig or 
Pine apple, in which the inflorescence resembles a fruit. The Mulberry 
(Fig. 412, B\ which is the inflorescence of a species of may lie 



Kki. 4lo. ■ Kniit of i’h iisoi,,' ulLfiihiji 
(vuixisl hi^r of tin* piT’-istru* calyx 
s, surrvMiiKi the U*rr\ /.% iIhHvihI 
from tin* o\ hi y. (Aftn !>ri imttitK.) 



I n 411. Krmt of /;.wn r'//«*,nmso»tmK of the finally 
holloHcil ax'H c. the | m«jia1n ami thr 
carj»*‘ls/r Tim ataimMi- ** l*av* vnUmnM. (Aftrr 
Imth.xkthk.) 


classed here also, more especially since it resembles so closely in 
general appearance the merocaipie fruit of species of Jlubm (Fig. 
412,./). 

dust as the great variety of form displayed in flowers has been a 


result of their adaptation to a 
particular mode of ]H>lliriutinn, so 
in fruits it has been intimately 
connected with the manner of 
seed dissemination (see Dissemin 
at ion of Seeds, p. 2S^;. 


I'm. 412 — .1, Mnrorarpir fruit of Ilnbnt fruti- 
*>,*ii*, cmiamtintf of n nmithnr of »lnipi*s ; 
7»\ infloro*c*t>c<» of Mulberry (Mono* »>//r/;) 
fwarms a ntmilier of umall <lru|**v. (Aftnr 
lirnuKm.) 



Kio. 4Ki. fhujtt irruUotitfin. A, Kwsl in lonK»* 
t ml imil Motion; r , cotyMon* ; r, pi mimic ; 
h, liv|jocot>l ; imlii-le: /{-A*, <li(TV*rnnt nUi^-w 
of K**riiiin»tio»i. 




Germination. — The seed may either ini liberated from the fruit as 
soon as it is ripe, or may never become free from it. The separation 
of the seeds in the Scotch Fir is effected very simply ; the scales com 
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posing the cone separate a little from one another at maturity, so that 
the ripe seeds can fall out ; in the Silver Fir, on the other hand, th6 
scales separate from the axis of the cone and fall with the seeds. 
Seeds are also readily shed from the capsular fruits of many A ngio- 
sperms. From berries they are liberated by the agency of fruit-eating 
animals or by simple decomposition. The seeds arc only slowly 
liberated by the decomposition of the pericarp enclosing them in 
indehiscent fruits or in drapes, or, and this is the more frequent case, 
the pericarp is thrown oil* on germination. 

GERMINATION IMPENDS <>N THE RESUMPTION OF ACTIVE LIFE BY 
THE DORMANT EMBRYO. The dry seed absorbs water and swells ; the 
seed-coat is burst by the growth of the young plant. The root usually 
emerges first (Fig. 4 111) and, penetrating the soil, fixes the seedling 
and supplies it with the necessary water. After the nutritive material 
has been absorbed the cotyledons expand and turn green ; the young 
plant is now capable of manufacturing food for itself. This, of course, 
only holds for autotrophic plants ; parasites and saprophytes possess 
special adaptations to enable them to obtain their food-supply. 


Table of the Classes and the most Important Orders and 
Families of Phanerogams 

Class I. Gymnospermae 

1. f'ftrm/inae. Finn. : ( 'yrudacoar. 

(,iirihyoinm\ Enin.: < link^ojuvar. 

Coiu/tnn'. Kim*. : Thvn'i'jii', 

4. iJnctinuc. Knm. ; <»m*t,*»ri'a»\ 


Class II. Angiospermae 

Sub* Class A. Monocotylae 

1. LUiijiorac, Faiu. : 'biwaivai*, LUiai*»*a»\ Amary llidaeoai*, Iridaoeae, Dioscoiv- 

acwac, Uromoliiwuai*. 

2. SfMtdia'jtomc. Fain. : Palma**, Araooat*, Lrumamu*. Pandanamu*, Spai-gaiii- 

acoao. 

Uluihijlorae. Earn. : Oyjwnw* up, (tiaimmat*. 

4. Jlt/obiae, Fain. : Hydrocliaritarra*', Potamo^tonacfat*. Najadaceao. 

:>. Sc t tarn i near. Fain. : Musawav, Zii»gih«ran*m\ Catmaooac, Marantareav. 

Ci. ihjnmuh'at. Fain, : Ondiidamu*, Bunuannunrnr. 

8ub- Cits* E Dicotylae 

A. CnoliirETAl.AK 

1. A mrntaccae. Earn. ; Saliranw, CupulilVrar, Juglamlaoeao, Myricaoeat*, C’asu* 
aritiawa**. 



SECT. II 


PHANKH0GAM1A 


468 


2. f’riicinat. Fain. : Ulmaceat?, Moraeeat, CauuabimM'pae. Urtiwctsw. 

3. Pvlttyoainae. Fam. : Pi]K*raoea<\ Polygomu'cm 

L ( 'nitrosjiennac, Fani. : Clk*nojKHluie«*a**, Auian* »tir« u\ CaryophylUrfae, 

6. Pol nmrpim * . Fain.: Ranunrulaecac Mn'roliat .'«<% MyrLtira* vtu\ Mi'nisjH'Uti 

arpae, IVrWridfurea**, Luura<v?i<\ Nymph aeiu*pKi*. 

8. Rhoctulimu-. Fain. : Crue» f «*ra«.. CuppAridmoae, F*»mam<var. Papavemtvap. 

K<‘St*(iar<>a<* 

7. (,U»tiJU*r*n . Fani.: OistarcAp, I>ros**ra< v ‘*n<*. Viola^eac*. Hyjn*ri«wva»‘. I’lusitmuu 4 , 

Ternat rooii liawmap, I>i j >tf rocirjwu'pap. 

N Faxsijiorinac. Fain. : Passi flora* v u% Begonirteoat*. 

9. Opuntinar. Fain. : Cactareaiv 

10. thflumni/crac. Fam. : Til mow, S; iouliivt*at\ Malvaiwn*. 

11. irruinttl's. Fain.: G**tunmtoa*\ Oxalidao'a*', Limn, rat*, Balsam martM**, Fry 

tliroxvlaepin*, Polygslavouo. 

12. T< rebi nth iliac. Fain.: Rutar»‘,u>, BurM*r,n **av. Zygojilivllarran. SiiuarnOaocU" 

Ana'rti\liaco:o*. 

HI Sapi infinite. Fam. : Aooraiv*?. Sajan-latvar. 

11. Fra iKju linen . Fam. : (Vlnsirinvap, AquifoliaotMu*. Vitaooa*'. Rhamnaivar. 
Buxaocar, Flmpitraorao. 

In. Thyme latinr . . Fam. • Tliviii«*l'n*:n k fat\ KUpaguatva*'. 

10 Tr interne. Fam. : Kophoihiiicat*, Callitrichar**!!*'. 

17. Vmhcll ijHorac. Fan*. : Cor»aep;n\ Araliaron**, Imbpllihrav, 
i :• Soxifrntjinoe. Fam. • Crassulu- <u\ Saxitragarpa**. Plalaixu'ra*'. 

10. Jlosijiorac. Fam. : Kovn-o u. 

20. Lnjinninaxar. Fain.: .Mim*>sarpn* . i .U'^alpniiarffn*, Pa pi]i<»im*va«\ 

21. M yet {florae. Fam.: Onagr ova**, If}ilrnagidar**:o\ L\ tin ,u***nr, Ptinnvoviu*, 

Molastomatarpap, M vrtai*>.u:. 

22 Ifysferophi/ta. Fam. : Ai lstmorhiiuvao, Katllr'datTai-, S mt.ila< «*-i**. Loiniithatvai’ 

I!. KYMIM.rAl.Al' 

1. Fricinac. Fam. : Fn<w<*.i*\ 1’irolacoat*. 

2. IHaspyrinoc. Fam. : SajMitanoa**, Styriioaooao. 

;j. Priniulinac. Fam. : Primuhnv.a**, Piumbagimn **.i«*. 

4. Contortac. Fam. : Oleaet-a**, Loganiao«*ae. (■fiittanacoAr, Aporymu oa* . A** 

<*lt‘j*iadat‘i*iw*. 

6. Tuhijforac. Fani. : Corivolvulnroa**, Hydrophyllarva* 1 , Cordia*’t*a<\ Boragin 

accav. % 

t\. Vrrsonatac. Fam. : SoIhimopap. Scropliulnmmt<\ Ctrirulari’iowip. (O ^mMacnar. 
Plantagiiiareao. 

7. Lahiati florae. Fani. : \\trbi'iiar**a<*. Labi at a* . 

8. Jlubiinne. Fam. : Ru!iiac«ac, Capri foliao**a*\ V r alc*riaiiA<Ta*.‘. 

9. Ca mpanul inac. Fam. : Cauipanularcai*, LoUdiacoa* , Cuourbitanoa**. 

10. Agijrctjatac. Fam.: PipHaraooae, Calycerac :eoc\ < oin|*o«itae. 


Clash I 

Gymnospermae (*•) 

Flowers unisexual. Male flower, without perianth, consiating of 
scale-like stamens arranged spirally on an elongated axis. Pollen 
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sacs l-oo. fallen conveyed to the micropyle of the ovule. The 
antheridium produced in the pollen-grain consists of one to three 
cells provided with cell walls. Carpels in Cycas grouped to form a 
flower at the summit of the axis, which continues its growth after 
flowering, so that the zones of carpels alternate with zones of vegetative 
leaves. Carpels in other cycads spirally arranged on the axis of a 
cone-like structure. Perianth absent. Carpels never united to form an 
ovary. In Cvniferae , according to one interpretation, the bract scales 
are regarded as carpels, the ovuliferous scales as placental outgrowths 
from them ; on this view each cone would be a single flower. Accord- 
ing to another interpretation, the ovuliferous scales are regarded as 
axillary structures (cladode-like shoot, fused carpels borne by an 
axillary shoot, or a single carpel on an axillary shoot) in relation to 
the bract scale ; on this view the cone would correspond to an 
inflorescence. The? carpels of the Con iff me also are never united to 
form a closed ovary. Ovules exposed on the carpels, receiving the 
pollen into the micropyle. Prothallus filling the embryo-sac and bearing 
several archegonia. Fertilisation in Cymdinae and Ginkgo by means 
of spermatozoids, in other cases by non-motile sexual cells. Cotyledons 
two or more. 

The Gymnosperms arc woody plants, usually with needle-shaped, 
less commonly broader or pinnate leaves. Nervation of leaf usually 
very simple, sometimes parallel, rarely reticulate. Deviations from 
the type mainly among the Gnet'umie . 

Order 1. Cycadinae ( 20 ) 

This order includes tin* single family Cycadaceae. — Flowers 
ditrcious, without a ukiuanth, consisting of many spirally -arranged 
leaves ; staminal leaves with many pollen-sacs ; carpellary leaves usually 
with two ovules. For the most part, UNimANcHKD, evergreen woody 
plants, devoid of true vessels and having mucilage ducts in all 
organs. Leaves laugh and pinnate (Fig. 414 ). 

Many Ct/cathirmt resemble the Tree-Ferns not only in their column- 
like, unbranched stem and apical rosette of large, pinnate leaves, but 
also in their dimensions, attaining sometimes a height of 12m.; in 
other cases the stems arc shorter, resembling the Marattiaceue more in 
habit; they are tuberous and partially buried in the ground. The 
branching is limited to the flowering region, although sometimes 
adventitious shoots spring from the stem. In most species (e.g. Ct/ms) 
the stem is invested with a thick armour of woody scales, which are 
in part the basal portions of dead and fallen foliage-leaves, and in part 
scale-leaves (cataphylls), the development of which alternates periodi- 
cally with that of the foliage-leaves. 

The flowers of the Cyauhefae are always terminal; the stem, 
except in the female Cycas plants, is prolonged sympodiaUy by a lateral 



«£CT. II 


PHANfcROGAMIA 


m 


branch, which crowds the dower to one side. The male dowers are 
cone-like, with numerous scale- or shield-shaped staminal leaves (Fig. 
415), which bear an indefinite number o i pollen-sacs on their under 
side. The species of Cyras produce ;; single, apical, female flower, of 



4U.— Cjm** " l ,iaMt i " f{uW, ' r - Cr™ » 


which the carpellarv leaves are similar to the foliage-leaves, but on a 
reduced scale (Fig. 416). In other members of this family the apex 
of the stem terminates in several cone-like female flowers with scale- 
like leaves. Two or more ovules, larger than a cherry, are borne on 
each carpel. They are atropous, and provided at the apex of the 
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nucelhis with a $avity, the pollen-chamber, in which the pollen-grains, 
which have been carried thither by the wind, accumulate preparatory 
to fertilisation. The Cycads that have been accurately investigated 



are found to possess sperm atozoids (cf. p. 440). The seed resembles 
a drupe or stone-fruit in that the seed -coats are differentiated as 
an outer fleshy layer and a hard inner coat. The mealy endosperm 
envelops a two-leaved embryo attached to a coiled suspensor. 



The Cycut/aeotw are all tropical or sub-tropical plants, and are found in both 
hemisphere*, hut with a limited area of distribution of the individual species. At 
the present time they occur only in small numWrs ; hut in earlier geological 
periods up to the Cretaceous, as is proved hv the extensive occurrence of fossil 
remains, they formed a considerable promo tion of the vegetation of all zones. 


Order 2. Ginkgoaceae ( 21 ) 

Family OiakgoaoiM* — Female flowers long-stalked, usually with two ovules. 
Fertilisation iiy means of sperm atozoids. Seed-coat consisting of an outer 
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fleshy and an in«t*r hard layer. Leaves stalked, tb«s lamina dukoonuoualy divided 
(Fig. 417). 

The f*i nhjoaraH n*|*m*>nt a wry ;met< nt I»ri*»»«d: i,f Oyitinos{H>rma whieh wa** 



Fn.. 417. ■*;, />/,«/!• u t-Jni. >1.4 1* l»rn. •> with tl* * v 1 1*** N*hw-n .ii«* i,o* \rt lull |iimw. >, K 

Millili'li'* , <, I'HkiU' t!o\wi , ii. It’’ * ; i. til <>.4 1 1 it* ; /. «** m iT'i'i m-i I mil ; tj , iu Inii^i 

t*»ilUis»l xrrtioii showing 1 1 4* • •*■*!» * •! \ • i . >• . ft'iu’tu- ftt>vtt*r will* nn *■ j < • i * r» 1 1 y lurg** 

t»f i»\ nli*«i Imnif mi " t u I Is » (Mult flo»\«*r him! * nal. Hi/«> , >> , slight!) re* I <*«*■>•« I ; Hu* 

iitlu‘1 um^uiiit ti Afii rEt m » it m JN n/<* im'.iii > 


Well dt.’Vi‘l‘i]M-d in tMi'l it*i g«*ol«»gi<*,i! j.ftittd-. Th<* «nl\ rvi-ting n- i v# is 

(tinfojn hihtha [Stffintmi'tb* i i1innf'h>h<t n • 1«*«* i< I u«>n • t * <*<* («vuniti^ in ( liiim aiul 
Japan. Jt nm>t n*gni*li*»l i- lit*- tyj« ut a *sjf« inl '«rdm sslinh tin** mnn\ }•< >i nl h 
in common with tin* f’/ftW'"***". 


Order 3. Goniferae ( 22 ) 

Flowers .weed: the male catkin like with scale like stamina! 
leaves, bearing the pollen-sacs on the under side ; the female flowers 
and the fruit of varying and sometimes complicated structure. What 
is here designated, for the sake of simplicity, a single female flower is 
also spoken of as an inflorescence. Fkkei/v hkawhim;, w oody plants 
destitute of TRUK vessels, generally traversed in all part* by KEsin 
CANALS. Leaves simple, usually needle- or scale shaped. 

Many Conifers are tall forest trees of a pyramidal shape, with 
mast-like, tapering stems, from* which spring apparent whorls of 
horizontal and much -branched lateral shoots. Frequently, when 
grooving thickly crowded together, the lower branches fall of! after a 
time, so that the stem becomes naked for the greater pari of its 
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height, and hf^,rs only a pyramid-shaped crown of upper branches. 
These may become finally more widely outspread, like the Mediter- 
ranean* Pines (Pinus Pinm ), or spread out horizontally, as in the 
Brazilian Araucarias (Araucaria brasiliana). ComparativelyJEew of 
the arborescent species deviate from the pyramidal form ; for example, 



I'm. 41S. - Ttu its howt'i. . 1 , Wruiicli with fcmuli* tlowrr*: . two ovule* oh the nuum shoot (nat. 
size); I:, lent with axillary, fertile sho.it t . ') : • , median longitudinal section of a primary 
and secondary shoot; i. \egetnli\e cone of the primary shoot; <», rudiments of the aril ; »*. 
rudiment of the embryo-sac ; », nneellns ; !, integument ; «», miciropyle ( x 4s). I'oiw.xors. 

the Cypress (('upressus $einj>crnrnis), with its erect branches. The 
shrub-like species, such as the Junipers, on the contrary, are frequently 
irregularly branched and bushy. 

The male flowers are either solitary or aggregated in clusters ; 
they fall after attaining maturity like the catkins of the Willow and 
other A mnitaccafy which they also resemble somewhat in structure 
without morphologically lasing equivalent to them, since catkins are 
inflorescences. The stamens, which as a rule are numerous, are scale- 
or shield-shaped, with two or more, rarely many (as many as twenty 
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in Jramiritt), pollen-sacs on theii under sides. The pollen- grains 
are frequently provided with 
two wing- like structures con 
taining air. 

The wide variations in the 
structure of the female dowers 
and the fruit constitute the dis 
tinetive characteristics of the 
different families into which 
the order is di video. 

Family Taxaceae. — Forma- 
tion of cones imperfect ; the 
ripe seed possesses an aril. 

7'tf.vtfs htwtta. tli*< Vi'\v (Fig.*'. 

418, 4110, j h an ••vvrgretm tivt* devoid 
of resin, sometimes attaining a height 
of 10 m. The shoots are all elongated 
and hear flat needless, ai ranged right 
and left, in two rank's. The male 
flower is axillary and consist > of 
shield-shaped staminal leaves united 
in a spheneal head Minmmming th. . /•„, ; Uunrh with m- 

ajrex of a short stalk heset vith scale- o lut. s f /*t. / *. 

helou, The female (lower also fermi- 

nates the apex of -c-aly. axill t-N >t.dh. The >fulk. 1 < wcvei. m this ease is com- 
posed of a lower pm t ion tiidmg hlindl\. : li»* priman shoot, end an npjwr hit Tal 
secondarx shoot, whi»h terminates :n .« -nnh- er«et o\ule. « at pels arc wanting. 
The ripe seed is « n. l. »-.«•«! in a ml < u|odai aid Fig. ill* . 

(Jhoou.wnn ai. lo-mim rms. Tf»e T'f. it* gum toi the most part in tin* 
southern hemi>]»here and in Kastein \>i;». 

PoisoNot‘8. Tin- \oung shoot' and lh«- s*-ed- -»f Ta.tits hnn'otn ; tin* red en- 
veloping aril, however, is harmless. 



Family Pinaceae Female flowers, in tin* form of mxKs; the 
ovules arising in scale like carpels, ami ripening to Heeds while still 
enclosed in them ; seed-coats dry, without an aril (Figs. 4 i’h 420 125). 

The male flowers (Figs. 4 20, 121) art capitate or cylindrical, fre 
quently united in clusters. The female flowers consist generally of a 
spindle-shaped axis with numerous, spirally arranged, imbricated scales. 
In the Juniper and its allies the flower is composed of only a few 
verticil late carpels. In many genera the carpels are simple (Junipn us, 
A<j<tthi *) ; in others they have a scale-like outgrowth on the upper 
side; in other cases (Figs. 422, 4 23) again ( AhieUmleat), two scales 
are present, lying one above the other, the uppermost of which, the 
FERTILE scale, bears the ovules and is situated in the axil of the 
other, the cover-scale. The fertile scale is variously regarded as a 
placental outgrowth or a modified axillary shoot. I wo ovules, less 
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frequently only one or a larger number, spring from the basal portion 



Flu. -420. Juiiiiwrns atnmmnis. <t, Mule flown'; h, fertile sliool witli female Hower ; r, female 
lluwer with one scale bent out. of place ; */, fruit, nwicix . </.. (After H»:uo and Schmidt, all 
nutgnilicd.) 

of the fertile scale, on the upper side (Fig. 422) ; but in the 



Fun t'Jl.- I'umifio. .1. longitudinal section of a ripe mule Hower (\ in). /;, longitudinal 
section of a single stamen (,\ ’20). (, Transverse section of a stamen (x ‘27). /», A ripe {tollen- 

graiu of I'inn* s Hirst rit ( >, 410). 

('nprt'm*ithat> they are axillary, arising from a cushion-like swelling 
(Fig. 420). 

During the modification of the flower in the formation of the 
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seeds, the scales in most eases become lignihed, and the fruit, 
familiarly known as a cone, is thus produced. In some leas frequent 
cases the fruit resembles a berry in form. 


8r ii-Fam i i.i es. -- {1> CHj*res» dnu, L, »v, .< o, or it whorls , carpel* 

-simple ; ovules axillary, erect. Jthujwnts .lumper, ( uptett+us ■ Cypress', 

? Arlan Vitae' 1 , v 2 Taxotiioidnu , 7 VuWi'mw 



4-«,- J'iH'ifisiiiisti is, 0\ uiiteiuUH 
scale (ft ) bearing two o\ ule* * an- 1 
the keel >\ Tie* bract scale ft iv 
visible l»*himb The free margin 
nt the nitegcmeut of tim n\ub* 
forms two prolongation- (m). 

( 4 .) 

liKl'KKsKXrATIVE Si t.- ll.s. Jh,i. 
ju’nts t'tnn mu nis : Common .hmipci, Fig. 
•120). Shrubs with iie.-dle -h.'ijieii 
leaves arranged in wlmrls of tl;i< •*. .i?i< 1 
having a resinous bloom : female flowed 
consisting of three scales. «ach with an 
axillary mule; scale- of the npe fnit 
sueeiileiit and united forming a i ** ■ 1 1 \ 
.ffiits nllm. the Silver Fir • Fig. 120. 
Lof't\ forest trees upwind- of b.’» m. in 
height, with a silver-grey ’■ «rk when 
nl'l ; crown pyramid-shaped. v tli hoii 
/oiitallv ext eiii 1 i ng. elongated Man«hcs ; 
leaves needle -sh.iped, flattened >*li flic, 
under side, with two blm-h- white 
longitudinal lines in addition to the 
middle nerve, displaced mi the larerai 
branches in two comb iik< rows «*n 
each side of the axis, r J lie llowei- 
are axillary and appear in Max at 
tlie tips of the hr niche.-*; the male 
flowers are, cylindrical, some 20 mm. 
long, and bear numerous spirallv- 


can Cypress), AVi/mC*. ;b) Araumriontrar : 
trot. A&tthin. [ I - Alirtfidnu. 1,-aves 
« arjiels divided into cover- and fertile 
ovules attached to the fertile wale, in- 
AKos ( Silver Firs), 7V<v« i Spruce Firs', 

T.ai'iiies Pin us Pines'. 



1 -.J/,,/., n, Mill*- l|i)HO ; J foci ft, 

s|4.,r>r}«h« Us ; h, ro. if*; - raijwU, u<-wni fimii 
lu*l«<w olorsul sijrf.ire), showing the f« rtfh* ami 
iino -wale : <i. Ue* s»m»* \i<’wwt from a!***v*f 
(vi-n?r;*l mirf.iee). (AtVi Unto arel S< iiwinr ; 
, , ,i, nap si/e, I-, nslufeil.; 


arranged staminal leaves, ciudi hating 

on the under side txxo pollen-sacs ojiening by a longitudinal slit .frig. 12-5, a ; 
the female flowers are oblong -eylindri*-... aliout »i cm. long, and < ,,n«i*t of 
closely aggregated cover, and fertile scales arranged spirally on a spindle- 
shaped axis. The cones h are erect, their pointed enrer- scale* i*r- much 
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narrower but longer than the fertile scales ( c , d), awl, in consequence, they 
are visible externally. At maturity the scales, together with the seeds (c, d), 
become detached froot^the axis and fall to the ground. Picen excel su, the Norway 
Spruce, resembles the Silver Fir in size and appearance. The needles are four- 
sided, of a uniform colour, and point in all directions, but frequently 1 tending to 
the right and left, appear as if arranged in conib-like rows. The cones are 
terminal and pendent ; at maturity the seeds drop out and the cones then fall off 
entire, retaining their scales. The cover-scales arc very small, and not visible 



. 1.4 frf hrttri*. I, Ihiim-Ji with tnul<< <«i an, I female ( /.| .iiIIuivmviic«'s ;» r, cone • tt 

: •.», Ntaminnl leal ; • viewed from the side : turn, Udon l ; «,\iewe«l from’ 

; h, front Mow : 4. frit lie seal,. with the two m^Ish, „ i-ufit- </,», sml ’(<'}: f,,sn*d in 

lonpiuduud section. - Orn< r W»hmiu«.) 


externally. Pintt* nilrcittns. the Scotch Fir. a forest tree up wards of 40 m. high 
with a dome-shaped crown. The needle* arc Kune in pairs on greatly shortened 
lateral axes, or dwarf-shoots (spurs', provided with scab- !ik« leaves/ The male 
lUmets (Fig. 421, 1, n\ externally like those of s,„ing eloselv crowded 

together from the summit of elongated shoots which, b> continued growth, become 
prolonged beyond them, producing leafy dwarf-shoot*. The iVmale Mowers are at 
Hrst spherical and of a rnidish odour (1, l>- . The com- 1. r have very small 
cover scales, but long woody fertile scales, thickened at lb- ends in rhomb/ areas, 
the apophvse*. As in Pice a excel*,, the cones fall oil entire, alter the weds have 
fallen. Lanx ntnymet, the Kunqman Inarch. is particularly distinguished by its 
deciduous leave*, which are borne in dusters on short spurs. 
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GEuoKAPHirAL Disteibitiox. — Tbe Pinacau f inhabit chiefly the North 
Temperate Zone, where many species form by themselves widely extended forests. 
In countries ljordering on the Northern Pacific, particularly m China, Japan, aud 
California, they exhibit their most varied development. With the exception of 
the Australian Eucalyptus, the giant trees <*' California, *S\ j avia yiyant a . with 
stems over UK) in. high and 12 m. in diameter, atta.n the greatest height of any 
trees in the wot hi. t reman/ possess only a few s|*<*ei»H of Conifers, some of 
which, howev*r (»". <j. Pintn silrestrn, f'icra rwlsn \ occur *«o abundantly that they 
constitute a large part of all the vegetation. T he Silver Fir forma large woods in 
the Vosges and the Black Forest, hut otherwise is rere. Tiie common Jnnipe 4 is 



also every where comnioii on sandy soil, f'mus mnnta na, Pi «w a ('rinhru (with 
three or live needles on each spur). curopoea, Juniper us Sabina, ami J. 

nana are also found in fieniriny. Tiny occur as trees and shrubs in mountain- 
ous regions. 

Alan y Piaarcar are cultivated in Germany on account of their beauty or 
economic value. In addition to tin* indigenous species, the following examples 
may he mentioned: Pin us StnJuis. Weymouth Pine {North America); Thuja 
occitlr ntal is , American Arl«>r Vitae : Cnlrus Libani, Cedar of le banon ; various 
species of Araucaria, from the template row* of the southern hemisphere. 

Poisoxors . — J uni perm Sabina , a mono-cimis shrub with broom-like branching 
and wale, not needle-shaped, haves. It grows wild in the Alps and is frequently 
■cultivated in gardens {Fig. 42. p »). 
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Officinal. — Juniper w communis , Feuctus Juxipeui, Oleum Jusiperi, and 
Lignum J u nipeki e/unipems oxyccdrus, Oleum cadixcm ; Juniperus Sabina, 
Hkrisa ou Summitatks Sabikae ; La fix curopaeu, Terebisthixa vex eta ; Larix 
fubiriai (North Russia, Siberia), Fix lkjuida. From different species of pines, as 
P. silvfdris, Ps australis, P. Laricio. P. Pinaster, P. Tacda, etc., and also from 
Abies alba and Picea exrelsa arc derived Tekeiunthina, Colophonium, Ol. tehe- 
iiinthin'ak, Fix liquiua ; from Piny* Pmnih\ Ol. pisi itmilioxis; Pinvs 
8 l hast e is, Tunio pi Ni. 


Order 4. Gnetinae ( 23 ) 

One family : Gttetaceae. — Flowers with pkrigonk ; woody plants, 
without resin, and with Tin K yksski.s ( Fig. 393). 

In the presence of a perigonv, which, however, is very small and 
insignificant; in the indication of a union of the sexes in an in- 
florescence in the. case of <h irhttn, and in the female flower of /7W- 
ivitsehia , in the possession of true vessels in the wood and sometimes 
of ret iculutely- veined leaves {(im-tnnt), tin* dhetnerue show a resemblance 
to the J ficotylcdons, and may accordingly he regarded as the most highly 
developed of all the (iytnnospcrnis. 

Tin* three gemra im-lndcd in 1 1» futnilv differ considerably from each other. 
The species of ICph drn, found in tin* Meditei r.iheiin region, are shrubby j)lants with 
slender branches devoid of foliage-leaves. Hie genus tiurtnm ^Tropical Asia and 
America' comprises tries ,nd Han-s with huge ret iculutely -veined leaves. The 
only species of the third genus, //'< hrttsrhiu nttrtrhihs South west Africa), one of 
the most wonderful of ail plants, has a thick short . <»\ oid stem, which gives rise to 
only two hand-shaped leaves ovei a inWie long; as tln-v continue to grow at the 
hase, the leaves gradually die at t lie ape\. aid are torn into segments. 


Fossil Gymnosperms ( 24 ) 

In rout rant t«» what was seen to lie the ca-r for the 1’lei iilojrliyta, Gymnosperms 
have not yet been detected in Silutiaii strata. They appear tirst in the Devonian, 
where, they are represented spannglv in North Aiueitea. These earliest known 
remains are fragments of leaves rcteried to ('< This genus belongs to a 
jMvuliar type eon fined to the Pal.eo/oje ro« ks ; it is the most ancient Phanerogam 
known. Owing to the excellence of the piesei vation of their remains the morpho- 
logy of the I'm-dnitear is as well known as that of the existing Gymnosperms. 
They were lofty trees with linear or broad and lohed leaves. Their flowers differ 
eonsiderablv from those of recent G\ ituinspouus. An imputant fart as bearing on 
the phylogem of the group in the presence of a mule piothallus as a small multi- 
eellular b«»lv. The o\ ules and seeds show great stne-tuial agreement with those 
of t he 1 *nendnn tti\ 

With the exception of some less common fossil- f'yrmiites, JHcnnutphyllu m ' , 
the former of which is doubtfully retVued to the ' rnto-. the latter more 
probably to the *iink*pnnme, fWo’o/G"? is tin* solitary, but richly represented, tyjs* 
of Gymnospuiii found in the < 'arltoniferous r»*<‘ks. lndoubted Cyemiaenu' make 
their appearance in the lower Kothliegeiide, In later strata the genus ll'nlchia, 
of uncertain affinity, jipjM j ar* ; the vegetative organs, which alone are known, recall 
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th^ lowest Coniferm (Jruucariaceac.) In the* iu>j**r Hothliegende undoubted 
Gud'tjtxurac (Bat era) make their appearance, with another type referred to the 
Con </'/'<!•• ( Clhnanni0\ 

The Cordaiteae disappear i*j t h#* KnthliegiruL. The OymnosjH*rm flora mi In* 
followed through the Trias, in whHi it e msiaani of extinct ty !*»*■* of Cycodmtat, 
O i iifojoi /inn', and Cm if ecu . JV/;n», wliirh apparently belonged io the 7Vi 
in tlie Hunter SaiuLtotn*), *o tin* Jurassic period. hi the latter it attained a great 
development m that l*‘th the 07 -a Wac<«c and the <7« Mfi.'tea* attained then 
maximum <l»>vt iopnmnt and w**r« represented by numerous forms. True At'ttu- 
•vrirttr also appt ar iu the .lu.a>M»* ; on this account, ns well as on account of thdr 
organisation, this group may he tegarded as the oldest of the existing C'onifenie. 

In the Wealde?'. fViw/ii*.n. and Cud »inrar % along with some CMt/awr, were 
dominant among tin* f i (fii passing t** ll>*\ ('reta^ous strata tlie 
ancient ty }»•**. ,nr found to m* redu<«*<l. wldh* the Cmuftiw Uvomc more numerous. 
Among tin* latter *>.\i«*ting gr.u'a appear Jhtmmora, Stifutun, Pinus, r.s. 

JAo s, t'nfhl, is. »t«*. ‘ Tie* 7 ' n a’-o appear to )w tvpies. iiti 1 , hut t le* o main-* 
are of an* ertain atlinit \ . 

*1 he icitiarv ti\ muost»«nns h«*l *ng entirely toixi-toig types and lor tin* most 
part t<» existing species. The Cnnijt >n ate dominant ; the Cmktjuini'oi are re pie* 
sented only hv Cinhijii hit oho, Init this incurred in Kiii'u}«c along with other s|iei ies 
now limited to Hast rn Ada or North America 1 p i m jofnmiot, Taj^diux 
ft tsf lr!m m % T. tit (i Ci phot ! a w % >*700/0 «/o/o//^o, N*’ //i»< /’*‘i <■* n *i, Pinti'i Sfruhus. 

el* . . One ( 'ycadaccous plant i Pnu ^lutfo rtos • is also \u«iwn 


ri.xss 11 

Angiospermae 

Flower with its parts at tanged in whorls, with shortened axis, 
mostly with calyx ami corolla, hermaphrodite or unisexual by 
ahortiou. Stamens consisting of filament and anther, the latter 
containing four pollen-sacs in the two theca*. Antheridium reduced 
to ti single naked cell. Carpels usually united to form the ovary, 
within which tin* ovules are contained ; less commonly the carpels are 
free, each uniting hy its margins to form an ovary. The upper parts 
of the carpels tire free or coherent, forming the style or styles which 
heir the stigmas, he. the region destined to receive the pollen. In the 
embrvo-sac previous to fertilisation two groups of three colls original 
ing by successive divisions come to occupy the two poles ; the group 
at the micropvlar end is the egg apparatus, that at the opposite end 
consists of the antipodal cells. . There is a naked ovum in the egg 
apparatus. This is fertilised by one of the naked male generative 
cells in the pollen tube. The other generative nucleus fuses with the 
nucleus of the embno-sac, which then by repeated division gives rise 
to the endosperm. Cotyledons one or two. Herbs and woody plants 
of very various form. Leaves parallel* veined or net veined. 
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Sub- Class I 


Monocotyledones (* 2 ) 

Flowers constructed for the most part after the trimkuous, penta- 

cyclic type ; seeds usually abund- 
antly provided with nutritive 
tissue ; embryo with one coty- 
ledon. Herbs and woody plants 
with closed and usually scattered 
vascular bundles (Fig. 426), nearly 
always without cambium ; when 
a cambium is present, it lies out- 
side the vascular bundles. Leaves 
commonly with PARALLEL nerva- 
tion. 

The embryo, in the majority of 
Monocotyledons, is small in com- 
parison with the albumen (endo- 
sperm, rarely perisperm). It con- 
Fio. iiit*,. - TraiiKviM-*.* motion of tim Ht« m nr sists, as a rule, of a short hypo- 

cotyl, with a. still shorter root and 
a relatively large cotyledon, which 
in part enclosed within the seed, 



Zta Mai*. »v, Vnarular bmnllo, (For fnrth**r 
'IftjMTiptJou KWJ ntxl Fitf. 120.) 


on germination remains wholly or 
and exhausts the albumen of its food material. 

The . primary root dies prematurely and is 
replaced by adventitious roots, which usually live 
but a short time, and are in turn superseded by 
others developing successively higher and higher 
on the stem. The roots are generally unhranched, 
and exhibit secondary growth in thickness only in 
the few cases when a cambium is present in the 
stem. 

The stem of most Monocotyledons is simple : 
when branching does occur, it rarely results in tin- 
formation of a profusely- bra no bed crown. (With re 
speet to the disposition and structure of the vascular 
bundles of the stem, see pp. 106, 112 ; for occur- 
rence and description of secondary growth, p. 138). 

The leaves are always devoid of stipules, and, in 
the majority of eases, alternate, arranged in two or three ranks. 
They generally have a tfell -developed sheathing leaf-base, are w ithout 
stalks, and are lineal or elliptical in shaj>e and parallel-nerved (Fig. 
427), although leaves otherwise constructed not infrequently occur. 

The structure of Monocotyledonous flowers may be traced back, 



l» III 

Miilti/loruM, loaf with 
parallel venation. 
(Nat.. siJte.) 
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in almost every case, to the trimerous pentacyclic type (Fig. 428). 
It may accordingly be inferred tnat the flower of the ancestral form 
was actinomorphic, and composed of dve alternat- 
ing trimerous whorls, each whorl consisting of ® 

similar members. 

This type has Iieeu retained unchanged in 
many Monocotyledons ; m others, modifications 
have occurred in the course of their phylogenetic 
development, resulting sometimes in a transition 
from an actinomorphic to a /vgomorphic oi asym- 
metrical structure, sometimes in a reduction in 
the number of mem be? s in tin? whorls, less fre- 
quently in an increase. The more important of Fu *; 4is * I>W4rr “ , 'Vi t u 
these deviations from the usual type will lie noticed 
in detail in the descriptions of the single families. 

The perianth is not usually differentiated into a calyx and corolla ; 
it is small and inconspicuous o* large and highly coloured according to 
the mode of pollination, whether effected by the wind or insects. In 
a few cases of Hitornophilous pollination the fieriavith remains insignifi 
cant, and other parts of the plant assume the function of an attractive 
apparatus (of. .1 ramie). 

The Monorot visions are divided ttil«» tin- follow oidrt**: hiliitUnto , Kuan 
t S^nal ir!jlorai\ Ulu .nilforar. Hi Infant , Sr, la •/> nmn . f lifna ml rar. These 

Millers do not eoliM itute a rontinumi* mT'I's, l H*^i li It i l i 14 ; with the most priinit 1 \ r 
forms and Mieeessixels ivo**ndi?ig to those mote h.ijlilx developed. Imt represent 
rather a oronp of isolat'd l«r:inr)n*s. -of whieh the eommon stock has her mo* 
extinct. 

The Seiln htiiatif and llflnntalrtn 1 1»«- in* »*»! Inj'hU developed of the Motinrufv- 
ledon.s. lm\e piohnhlv arisen. Iiovvevei. Irom tie* Lifujferot. Many things seem to 
indieate that the primitive >1on<**-otv ledmi* were grass like and adapted to wind 
jmllination ; in paitn uho. the rm*umstnni<* that the simplest representatives of 
several of the older* po-sess Mo ll a form, wlule 1 he older* Snlaniiarar and Uf/imn. 
flrtu-, iii whieh this is not the ease, are manifestly of Intel oti^in. 

Order 1. Lilliflorae 

Type. Flower hypo- orepigynous, .vri rarely slightly 

z vgomorphic, always With a I'KltfANTli consisting of complete, fully 
developed whorls : > ii - :i, A 3 t 3 or A 2 . < * (H < >vary three -locti la t . 
Ovules anatropous or campylotropous, rarely atrojH>us, hndospenn 
always present, enclosing the embryo. 

In the majority of the Lilnjlam^ the flowers exhibit the typical 
Monocotyledonous form (Fig. 42?*), and are actinomorphic, with five, 
trimerous whorls, the members of each whorl Wing similar. I he 
slight zygomorphism displayed by some of the forms is occasioned by 
the one-sided curvature of the stamens. I he only essential deviation 
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from the Monocotyledonous type is restricted to a few families, and 
consists in the expression of a whorl of the androeeium. The sup- 
pression of single 'members of the whorls does not occur. 

In some genera the whorls are composed, instead of three, of two, four, or five 
members. These variations are due neither to reduc tion nor to splitting, and 
are attributable to differences existing in the very rudiments of the organs. The 
number of members in the whorls inay vary even in the same species, e.g. in Paris 
quadrifolia , which, in addition to the usual tetramerous flowers, not un frequently 
produces others constructed on the plan of five or six. 

The Liliiflmae &YQ, with few exceptions, herbs, in which the sub- 
terranean parts often take the form of perennial rhizomes or bulbs, 
while the aerial shoots usually die after the ripening of the seeds. In 
only the simplest, apfiarently oldest, grass-like forms are the flowers 
inconspicuous and adapted to wind-pollination ; otherwise they are 
large, beautifully coloured, solitary or aggregated into loose inflor- 
escences. 


The differences between the families arc not uniformly constant ; on the con- 
trary, in some of the species of almost every family, characteristics distinctive of 
other families occur, *\g. three stamens in families in which six is the normal 
number. .Similarly, in nearly every family transitional forms are found which link 
the different alliances together. 

Of all the families of the JAliitiorae , the Juaracmr probably resemble most 



Kit* 4 JttHCiff 

a, Part of an inflorescence l 
single flower (h) mul jjjn- 
<erimti (»•) more litehlv magni- 
fied. 


clearly the primitive type. From primitive forms, 
similar to this family. ha\e arisen on the one side the 
Lilia cm? (some of the representatives of which still 
possess a grass-like character;, and on the other side 
the Gluinijlomr. .Mo>t of the other lAHiJlorar, r.g. 
the AuiaryUi(tiit''ne and Iritlmrar, arc probably de- 
scended from tin- A/7/Vov ro , as well as the orders fttm- 
atidrnr and Sritnaiun'nr, but in these metamorphosis 
and reduction have adxatucd further. 

Family Juncaceae. — Flowers hypogynotis, 
hermaphrodite, with oi.t'MAOEors perigone ; 
pollen in tetrads ; ovary uni- or tri-locular ; 
three long papillose stigmas, endosperm mealy ; 
CJHASS-UKK plants (Fig. 429). 

The Junrunvr in the structure of their 
flowers agree essentially with the l.Uiumu\ 
their points of disagreement being for the 
most part due to their different mode of pol- 
lination. In the Jttuflirnu pollination is 
effected by the wind : their flowers are cor- 
respondingly inconspicuous and provided with 
dry pollen and large papillose stigmas. The 


inflorescences are variously constructed. The fruit is a capsule. In 
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the genus Juneus (Bog-Rush) the capsules are many-seeded ; in Lite ula 
(Wood-Rush), three-seeded. 

Geographical Distribution. -- The Juncamir grow in the 
temperate and cooler zones of both hemispheres. 

Family Liliaceae. — Flowers pypogynouk ; perigone corollack- 



Kli;. 430 . — o-r t OrnithotpiluH. tnrMaittnn ; a, ••>itu»* plant ( ; h, IJovut (lull. *i/<) ; r. ttow^r, 
part of jHTj^onn and an«Jr»**i*iuni !vphc\«| ; •!, Jniit ; r. fruit in trai>M<*i - M* ; f*y t f'ot* /<< * 

non autumnal? ; /, fruit in . u. #**Hion tlimn/h «h*mI showing «**»<!«>** jwnmi (r). 

(raf iiiftjjnilird.) 

uus ; six stamens; seed with endosperm, which is either oily or con- 
sists largely of cellulose (Figs. 430-435). 

Most of the Liliarenr are succulent herbs with perennial bulbs or 
rhizomes ; the species of A1<*‘ arid Drumma^ however, are in part 
shrubs or small trees (Figs. 433, 434). The leaves are not segmented 
into stalk and lamina, and are usually narrow in proportion to their 
length, undivided and rarely toothed (f.ff. some species of Aloe). The 
flowers, which are often largo and conspicuous, are solitary and 



470 BOTANY part ii 

^terminal, as in the Tulip, or are aggregated in racemes, like the 
^ Hyacinth, less frequently 

in profusely-branched and 
complicated inflorescences. 
They are adapted to in- 
sect-pollination and are 
provided with means of 
enticement, such as white 
or highly- coloured peri- 
gone leaves, sweet per- 
fume, nectaries, etc. 
The fruit is a capsule or 


Ktu, 481.— CWrAirww om^nmnaM ti, Flowering plant 
(| tidt, ; h, lmfy nHout with fruit (J tmt, «i»). 

—Voms'ms awl Orriasi i a. 

Srii* Kami uks and Rkpkrukntativk j ] 

Ovnkha.— (1) Mtlanfkoidrar. Three styles, ' x ** vN v 

w^tiddal capsule# ; Vmtirum ; Cvlchicmn ; 

SahadiUa. (2) IMioidtnt. One style, loou r "‘- m — (J nat. ««■).- 
IuucIaI capsule* ; TuH)ta } LiUum ; //*/»*- o/wwwra 

sirtiJtus ; Mumtri ; Orntihotfttium (Fig. 430) ; Scilla ; I'rptnai ; Allium , bulbous 
plant# with radical leave# and compound Uwtryehoid inflowseenees ; Aim. (3) 
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Asjxmujoidrae, without bulbs ; fruit ** berry; Pulifyouatum ; MoJatUhrm u w t with* 
dimerous flower; f'ouvuUaria ; Paris; Asp. ragxu, with nesdle -shaped, leafless 
branches; Smilax ; Dmmrna, diohotomously bran» hing v trees with peoondjtry 
growth (Figs. 434, 1551. ’ If 

0 e< m« rath i <’ a l Dis rmurTtox. Menders of the l*rge family UKareae an* found 
widely distributed in all *»n» <, yet a prefrren<K? seems to he shown for the dry 
wanner parts of the temprate Zone. Numerous epeeie. are found m fields Ind 
meadows of the Mediterranean <ountnes. Momliers «»f thin family occur itCpfo 
fusion in Siuth Africa, w 1»( re during the short spring, in company with other 
lmllteus and tuberous plants (Jralacotr, . I lunn/lhilaun*, Orthidace&t). they coeer 
the earth with a carpet of purple, red, yellow and orange flowers only to disappear 
on the first approach of the dry season, the underground po. lions alone remaining 
ali\c. Many ktliarfit* me cultivated as vegetables -A ^parmjus officinalis, as)sira- 
gus ; Allium Cfjnt, onion ; A. sot-vum, English garlic ; *f. Achorno^msutn, ehtvc . 
A. </ sen ion ieu w, shallots. Oilier JAliawe are familiar as ornamental plants* the 
various species of Tulip, II v n at inths. Liltuni. sAll#, Fiiti\|an'a Yucca Dracaena. 
Aloe, etc. 


Poisuvor*. Cvichint m autumtwh, Mcadow^ktftron (Fig 431 h It possesses a 
subterranean tuber, which gives i is< to 
the losc-'-oloured, funnel -shaited llov os 
in August or September, followed in tin 
succeeding spring bv tin leaves and 
fruit ; at other Masons of tie ve.u 1b< 

]>lant exists only in the foim of a tubci 
The fmit is a tiibrnilAr, mam t sled 
< iip.sulc. The whole plant j artculaih 
the tubci s and seeds, ioniums a lmg» 
percentage of the ]*wisonous alkaloid 
eolchiiin. Veratmm album is a pio 
fusely leaved, tall lurb glow mg in 
meadows m mountainous Hgmns. with 
u fleshy, ]»erenni il rlii/omc : the numei 
oils green, elioripetalotts flow* is are 
aggiegated mto a terminal, puamid- 
slni]K*d panicle. The j»*isonoux piopei 
tie.s of the plant are due ! j the picsenrc 
of veratroidia and jei viu Paris yum/n- 
folia, Herb Paris (Fig. 43:’ is uit*lieih 
with a single wlmil ol tour leaves. 

Each plant produces one terminal lefts- 
merous flowci of a greenish colour, ftom 
which the fruit, a black lieriy, develops. 

The toxic principle in this case is pari* 
din. The Lily of the Valley ( ConvaKa na 
iiuijnlis), the bulbs of the Tulip f Tultjm 
and of the Crown Imperial ( FritWunu 
imprialis) are also more or less poison- 
ous. 

Officinal. — ( ale ft icu m a ufa mnnte 

yields Semen Colchiu; Veratnm album, Khizoma Vruatiii ; Sabadilla tfficin* 
arum (grass-like, small-leaved bulbous plants, of Central America and Venezuela). 



/ 


Fi<* 438. gw #*vitrliw. 1, Kut Ire plant (ift- 
iluissl); % a ftowfr. — tirra /.*,</.. 
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Semen Sabadiu.aE - lM '$ Sbatkinum. Aioe is derived from the evaporated «ap 
of the leaves of iMp^a Afirlcaa species of Aloe (herbs, shrubs, oremall trees with 
fleshy, often serrate lerfVes ; inflorescence a loose raceme with leafless or scaly axis ; 
perigoue leaves united into a tube, Fig. 433). Vrginca maritima (Mediterranean 



Flo. '4114. hnuwim ilrtico. The Dingon tret* of (.amnia in tin* Canary Islands. 
(From I’HPN, hi* tint Tit-fat riot ll'rlfHirrre*. ) 


bulbous plants with leafy stalk, terminating in a raceme of while flowers) yields 
Bruit's SriLt.AE {Squill). Raikx Suts-AiwuiM.Ar, is procured from Central 
American species of Smiltu- (for the most part prickly plants climbing by tendrils ; 
flowers dhecious, greenish: ovules atro|H>us\ ( ’o nr alluvia majatix : Hkkha 
Ox vau.au hue. 

Family Amaryllidaceae.—As in the Liliamtr, except that the 
flowers are kfiuynocs (Fig. 43(>). 

Herbs, usually bulbous very similar to the lAliaccar in appear- 
ance and mode of life. 

Uei'KRskntati vk («K,NF.UA. — Xtircinxus, with a cornua or inner corolla : (Jahtn- 
th us ; Leveojum ; Agave, resembling the Aha* in ap|H*aram*e. 

Orooraphical DlsTKim'TloN. The same as the Litiaeau. The Agave Ameri- 
wn<» from Motion 1ms grown wild in the iieighlwnirhond of the Mediterranean, and 
lias now heroine a characteristic plant of that region. (tala rithux nivalis. Snow- 
drop j Latcojum txrnuni, Snowflake ; Xartissus jkWiVmjc and X. psmdonatrixsm, 
etc., are familiar cultivated plants. 

Family Iridaceae. — The inner circle of stamens is si fpresskb, 
otherwise similar to the AmartfUuiumie (Figs. 437, 439). 

The Iruhtcrae* are herbaceous plants with rhizomes, rarely with 



FlO. 483. — Cry turn nmri- 

tima (reduced.) <//'- Flo. 488 .— I ru flvrentiwt. J, Kblaome *Ilh »t*m awl leave* (reduced); 
#yr/.v^ r,. (After Bero B, inflorescence (reduced ) ; C, iUginatJc branch end etamen ; JD, ovary 
and Schmidt.) In longitudinal section ; K, ovary in tranarerw section. —OrriatrA 

O 
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bulbs ; they are very similar to the two preceding families, but fre- 



Fic. 4W. ~<Vonix Mtinuu Style with trl|»rtite Ktitfnm. oma sai.. (AfU*r Baim.<>n.) 

quently have narrow, two-ranked, equitant leaves. The flowers are 

usually large and showy ; the fruit is a loculicidal capsule. 

* 

Hki'UF.skntativk Gksera.— 7m, with rhizome, and equitant, sword-shai>ed 
leaves and petal oid stigmas ; Crocus, with tuberous rhizome, and linear leaves jiot 
equitant) ; fliaUMu*, with zygomorphic flowers. 

Gkookai’HIoai. DisTKiurnoN.— Like the Lilumac, the Iridwseae are partial- 
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lariy abundant in Southern Africa/ \ arums allies of 7m, ftrocus, Gladiolus are 
cultivated as ornamental plants. 

Offh in a u — Iris yfrmtt mica < /. j pallida, anti /. Horeutina (Kip. 438),* all Medi- 
terranean species, supply Orris Root, Rmzoy* Imms. The stigmas of (hwcus 
wrtivus (Kip. I3t*} (cultivated in ditferent localities, ierived from the Kast/ yield 
Saffron or Cnoc.Ts. 


Family Dioscore&ceae.- 

dncetie. T< i m u<< row m v n is % 
Central Europe. 

Family Bromeiiaeeae. — In 
Tropical America. Fine apple 
is the inflorescence of Jmnt'tstn 
satira. 


Order 2. Spadiciflorae 


Climbing plants related to the Jimmtlli - 
in 



Flowers hypogv nous, usually 
diclinous, actinomorphic, fre- 
quently REDUCED. Inflorescence, 
a SPADIX or COMPOUND <1*1 KK, 

WITH oNK OR MOKK SPaTHES 
(large sheathing bracts) at tic* 
base. 

The SjHnlinllni\tt comprise 
herbaceous and woody plants 
of dissimilar appearance but 
with inflorescences of uniform 
structure. While in the /Alii- 
florae the flowers arc either 
solitary or loosely aggregated 
in small numbers, so that each 
flower retains its individual 
prominence, in the S/>nd inflora 
they are only suhordinao* merft- 
bers of a comjwct, highly 
organised inflorescence which, 
when the spathe is eorollaeeous, 
is commonly mistaken for a 
single flower (r.g. Calla , JlirlumJia Fli;> U[K 
oHhwpica). In accordance with 
the inconspicuous part played 
by the individual flowers, they 
are frequently reduced, par- 
ticularly as regards the perianth, whose function is assumed by the 
axis and sheathing bracts. 

Many species are pollinated by the wind, and these possess ineon- 


iryota jjmitly 

mlncH ; /», hnuirh of tin* Jiilttm*Nr **i»c<* of 
h no ft. ni r with a f«*»naii* ttowi*r 1 #Hoh, ;t)ni main 
flow<*r» alnivi*. (After Dm ok in A of. rftan.s*»' 
fttmilini, i nat. Hiz*\) 
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/ spicuously coloured, though often enor- 
mous inflorescences. In most species, 
however, the inflorescences are adapted 
to insect-pollination. The spathes and 
free parts of the axes, but not the 
individual flowers , are in such cases 
equipped with enticing colours, and 
serve as organs of attraction. 

Family Palmae ( J6 ). — Flowers 
usually unisexual , of the regular 
Monocotylodonous type or with re- 
duced gymeciuni ; aggregated in Plio- 
FINKLY KKAXCHKI) INFLORESCENCES, 
which arc provided with several 
spathes. Woody plants with un- 
branched stems and pinnate or pal- 
mately DIVIDED leaves (Figs. 440-442). 

The vegetative organs afford the 
most characteristic means of distin- 
guishing the members of the family. 
The simple (branched only in species of 
Hn/thanu) cylindrical stems bear a rosette 
of large pinnate or 
palmately divided 
leaves at the sum- 
mit, which gives 
them a distinctive 
appearance (Fig. 

44 2), easily recog- 
nisable and charac- 
teristic of only a 
few other plants 
(Tree - Ferns, and 
Cffcttdaceae). A few 
species are liane- 
like in form and 
mode of growth 
Calamus). The 
leaves are not, like 
true compound 
leaves, divided in 
their early stages ; 

Flu. 441 . - Con* tn'riJtiM. am!, to the right, « fruit after they are, Oil the 

the reitiuwU of tho nhmtt« mitUlle Uyrr of the |*rirarit. A\ ^QlltrarV first de- 

iwrminution imro* of tin* two c*rp«*l* ; Kd, je**rniiiiatio»i j ’ 

poiw or Uip frrtlW carpet i trnt. niw*. (Fnwn Saorbcik Kviltr. VCiOpeCl as entire 
yrwrv**r.) plicate leaves, 
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which ultimately become slit into segments by the subsequent death 
and rupture of the tissue at the edges of the folds. The inflorescences 


(Fig. 440) art generally 
axillary and hang down 
below the leaves ; in 
the cases where they 
are terminal the tree 
dies after the seeds 
ripen. In their early 
stages the inflorescences 
are entirely enveloped 
by the spathes, but 
the flowering spikes 
eventually protrude 
and bear numerous 
small flowers of an in- 
conspicuous, usually 
yellowish, colour. 
Pollination is effected 
by the wind or bv in- 
sects. The fruit is 
apocarpous or synear- 
pous ; sometimes a 
berry, as in the case «»f 
the date ; sometimes 
an indehiscent fruit or, 
like the coco -nut, a 
drupe (Fig. HI). From 
one to three seeds are 
produced in an ovary. 
The endosperm is often 
hard and bony in con- 
sequence of its strongly 
thickened cell walls. 

Gkoukai’hical Disit.i- 
— Tli»" Paints grow 
chiefly in the Tropics. 
Only a few sjieriea thrive 
in the wanner countries of 
the tcmi*eratc zones, r.y. 
the Dwarf Palm, Chautar- 



rops humlis , of South P|0> u , _ (irou] , 0 f l>a U- Pat ms, 1‘hon, is dortftlifrro, in Algiers. 
Europe, and the Date Palm . ) 


Phocn is: dactylife ra (Fig. 
442), cultivated to a large 
hand, Palms in a wild or 
of form and size, constitute 


extent in the oases of the Sahara. On the other 
uncultivated state, and displaying a great variety 
the most characteristic feature of nearly all tropical 


2 H 2 
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countries. There the Coco-nut Palm, Cocos nudfera , the most important economic 
plant of the Palty family, is found growing everywhere in the neighbourhood of the 
coast, either solitary or gregariously, in forests. The 
coco-nut (Fig. 441) is a gigantic drupe with a spongy, 
fibrous exocarp and a hard endocarp ; the single seed 
consists of a thin seed -coat and a large, hollow fatty 
endosperm, in which the small embryo is embedded. 
Pieces of the endosperm form the Copra of commerce, 
while the fibre derived from the exocarp is of technical 
importance. Other Palms are cultivated lor the sugar 
or wine they yield, or as ornamental trees. In the open 



Ew». 443. 

Hjsulix of Amnn. mnniluhiui. 

(After Woshioi.o.) 

Savannas, Palms growing singly 
or in small woods arc of fre- 
quent occurrence. In the prim- 
eval forests, the sjaieies with 
tall stems grow apart from 
each other, in the midst of an 
undergrowth of smaller forms, 
while thorny Palm-banes twin- 
ing from tree to tree form an 
impenetrable jungle. Very lew 
Palms are of special value com- 
mercially. In addition to the 
Coco and Date Palms may he 
mentioned JCtacis yui moists, the 
African Oil Palm, the oily 
inesooarp of whose fruit yields 
palm - oil ; Phiflchphus micro- 
carjnt, of which the hard endo- 
sperm is known as vegetable 
ivory (Fig. 404) ; and t'atawvs, 
the stems of which are used as 
cane or rattan. 

Officinal. —Arum Catechu 
(Fast Indies), with a slender 
stem, and pinnate, emerald-green 
leaves, yields Hkmkx Akf.cae. 



Fits. 444.-- Amm utncuiatum (( nat,. size). 
I’utmsui s. 


Family Araceae ( M ). — Flowers often greatly reduced ; inflores- 
cence a simple spadix with a single usually corollaceous spathe. Herbs, 
rarely woody plants, with simple or compound leaves (Figs. 443-445). 
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The leaves of the A ramie an? usually divided into stalk and 
lamina ; they are frequently hastate in shape and generally reticnlately 
veined. The inflorescence, which i« chai.nteristic of the family, con- 
sists of a fleshy spadix, the axis of which frequently terminates in a 
naked coloured prolongation (Fi**;. 4 4 4). The enveloping spathe is 
also often showily coloured ; sometimes snow-white Jikhardia 
aethiapica), but more frequently purple or le'owu, and in that case the 
inflorescence often emits a carrion like stench attract iw to the insects 
hy whose aid j>ollination is effected. The fruit, with few exceptions, 
is a berry. 

t'Eoiii: u*im xl DisntmrnoN -Th« Amrra* an* fomd almost exclusively in 
the Tropics, where they include numerous, often extremely grot* sque. forms, which 
have, not unfrequently, a gigantic si/e and constitute a very large jmvt of the her. 
baeeous Flora of tin* primitive forests. Many sjmmucs are terrestrial. growing 
gregariously in the deep shade of 
the woods, while others elinih -by 
means of aerial roots to the tops of 
the trees, or, as epiphytes, form 
large nest -like growths mi their 
branches. The most remarkable ot 
all the Aruct'to' is Amorphophullus 
Utoiunn, an herb found in Western 
Sumatra ; it attains a height greater 
than that of a man. developing 
enormous Others, a*id a purple 
spadix nearly H m. high. Several 
species of Aromtr .m* cultivated a* 
ornamental plants, *.»/. llichnniitt 
to thiopira. the so-called (’alia Lily 
and the root -climber Mw*t*'i % n thlt- 
riuxn. 

PulsnXors. - Most of the Ar“ 
war are |*»isoiious. Arum, want- 
hit urn (Fig. 444 J, a tuberous herb 
growing in woods, has a few hastate 
leaves, frequently with brown Hjmts. 
a greenish spatlie and a Heshv >q>a- 
dix terminating in a naked, purple 
club - shaped prolongation. The 

tl«"«rs are mon.-dous ; tli« frn.al«. { |4 , . Khly - t, 

at the base of the spadix ; the male, <■»-»<•<*; flower; 4, tonry h* 
forming a smaller, separate group ; s a i.. (After Wos-mio.) 

al»ove ; while still higher u|» on 

the spadix are a few sterile flowers. In *-W/« p« fust, is, Water Arum, a rare 
plant growing in bogs and swampy places, the spathe is white on tie* iipj*er surface 
and envelops a spadix completely lieset with hermaphrodite flowers. 

Officinal. — From Ao»nts r a frmu*, Sweet Flag (Fig. 445), a marsh plant with 
creeping rhizome, narrow leave#, and greenish inflorescence* of hermaphrodite 
flowers, Rhizoma Calami and Olki m Calami are obtained. 

Family Lemn&ce&e ( w ). Duckweeds. Floating pi *&ts occurring *m still water ; 

2 ll 3 




BOTANY 


PART II 


m 


they have a disC’8h&]>ed Vegetative body, and are in some eases devoid of roots. 
Momeeious, naked flowers enclosed by a spathe. Lcmnn , JVnlifin. 


Order 3. Glumiflorae 

Flowers hypogynous, hermaphrodite or unisexual, naked or 
WITH REDUCED FKRIGONE ; ovary unilocular, containing one ovule ; 
inflorescence with many small flowers, and numerous glumaceouk 
bracts. For the most part herbs with linear parallel-nerved 
leaves. 

Nearly all the Ghndflorae have a grass- like appearance, i.e. they 
are herbaceous, rarely woody plants, with narrow pointed leaves, and 
have inconspicuous inflorescences bearing small flowers and numerous 
acale-like bracts. The bracts are dry, green or brownish, in part 
sterile and to some extent serving as subtending leaves to the lateral 
axes and flowers. They usually constitute the most noticeable part of 
the inflorescence, particularly when, as in many true (brasses, they are 
prolonged into an awn (arista). The inconspicuous colour of the 
inflorescence, the gentle swaying movements of the anthers pendent 
from the long filaments hanging down between the bracts, the 
abundant dry pollen, and the well-developed papilla* on the large 
stigmas are all directly correlated with the wind-pollination common 
to all Ghtmifinrur (Fig. 450). 

As in most thick small -flowered inflorescences, the individual 
flowers of the Glvmiflnru e are simply constructed, evidently in this case 
in consequence of reduction. In none of the flowers of this order is 
the regular Monocotyledonous type presented in an unmodified form ; in 
all, at least one or the other of the whorls is entirely suppressed. The 
perigone, no longer exercising its protective office, now assumed by the 
bracts, consists only of bristles or small scales, or is altogether absent. 
The andrweium has sometimes all the six stamens, but usually, by the 
suppression of the inner whorl, it is reduced to three ; the gymecium 
mav also possess the full number of three carpels, although frequently 
only two, and usually only one, are present. In most cases a dry, 
indehiscent fruit (caryopsis) is produced, with one seed containing a 
mealy albumen. 

A similar grass-like habit is shown by other Monocotyledons, especially by tin* 
Juncacenr, Typharrar, Sparyaniacrae, which were on that account formerly regarded 
as the nearest allies to the Grasses ; the structure of their flowers, however, ha* 
assigued them to another position in the system of classification. Of the two families 
now forming this order, the Cyprracrae have suffered less reduction in the structure 
of their flowers than the Oram inear. The latter do not appear to have been derived 
from the Cyptrarmt by a continued process of reduction. 


Family Cyperaeeae, — Flowers usually diclinous, naked or with 



SECT. II 


PIIANEROGAMIA 


m 


reduced perigone ; ovary di- >r tkimerol s with anatropous ovules. 
Pericarp not adherent to the seed ; embryo without scutkllvm, 
and enclosed in endosperm. Herbs with triangular axes, which 



Fw.44it.-r.4irw arena, w, 1, Flowering plant ; * male flower with bract (glume); H. 

flower; 4, pistil ; 5, bract of female flower ; »’■, 7, male an«l female flower of inm hirtn. 
(After Wossidlo.) 

are not hollow, and rarely swollen at the nodes ; leaves often three- 
ranked, with closed leaf-sheaths, and either with or without a reduced 
ligule. Inflorescences of varying character, usually without bua<j- 
TEOLKS (Fig. 446, 447). 
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The Cyperacem are, lor the most part, perennial herbs with pro- 
fusely branched” rhizomes and stiff or hard, sharp-edged leaves. The 

rhizome gives rise to tufts of sterile 
leaves, together with fertile shoots, 
which, according as the branches of 
the rhizome are long or short, cover 
extended areas or form isolated groups. 
At the base of the fertile shoots the 
in ter nodes are short, while the whole 
upper portion of the shoot consists of 
but one internode, which is greatly 
elongated and bears the inflorescence. 
The inflorescences are variously con- 
structed, sometimes a simple spike, 
sometimes compound, consisting of 
spikelets united into spikes, heads or 
panicles. Subtending bracts (glumes) 
are present in all inflorescences; sterile 
of Com ; diagram of tiio hmuajdir..- bracteoles only in a few genera. The 

flowers are in most cases monoecious, 
both sexes being united in the same 
spike or occurring on different spikes. 



Kio. 447, A, Floral diagram of a malt* flower 
of Cares ; It, of a female flower with three 
Htfgmas ; C, of a female dower with two 
ntigiuaft ; I), diagram of u female flower 


dite K|ilkHot of Hlj/no *, a, Neeoudary «\r 
ofr, utriculus or hrael of llie swondary 
uxia. 


Rrpkkhkntativk Sen* h ami i.i ks AND <»i \kka. — (1} Scirpoirfrae. Flowers her- 
maphrodite, often with perigone. Sri /juts, I'ypmts. Kriophoru in, with a perigone 
consisting of bristles which, after the maturity of the flower, grow out into long 
hairs. (2) Carkouleae. Flowers unisexual, always naked ; Ctnr.r. 

(* KOOllAT'lf 10AI> Distui Kl'TloN. - J la* ( '///w ntrror or Sedge Family are represented 
throughout the world, growing iYe<|iiently in damp meadows, in marshes, and along 
the margins of streams. They are worthless a> iodder plants on account of their 
hard leaves. Tbo genus ( urr,v is tin* most common and comprises the greatest 
number of sjweies. The family contains no plants of economic value. The papyrus 
used by the ancient Egyptians was made »»f thin strips of the firm pith of Cijpcrus 
Papyrus. 


Family Gr&mineae ( M ). — Flowers usually hermaphrodite, naked; 
ovary monomerous, with a slightly iwmpylotuopous ovule; pericarp 
adherent to the seed; embryo with sittellfm, laterally in 
contact WITH THE ENDOSPERM.* Herbs, rarely shrubs or trees ; axes 
with hollow internodes. Leaves two-ranked, having usually a ligule 
and an open sheath with a node-like thickening at the base. In- 
florescences compouud, consisting of spikelets aggregated in spikes or 
panicles; bracteoles PRESENT (Figs. 448-455). 

The Onimineae or true Grasses are for the most part perennial 
herbs, with a profusely branched rhizome creeping horizontally in the 
soil, and giving rise to sterile shoots in the form of tufts of leaves, and 
also to fertile shoots, which are usually unbranched but provided with 
leaves, and divided throughout their whole length into internodes. 



si:cr. ii 


PHAN KROG AMU 


m 


The annual species of Gmmtn&i* are not sc numerous ; they do 
have rhizomes nor form the sterile tufts ; shrub- or tree like forms 
still less frequent. A membranous tigule is always developed at 
junction of the lamina with the leaf-sheath. 

The inflorescences of the (tniwiwa* in tlieir entirety are spike*, 



Fn,. MS. — Floral diagram of 


the H 

I'om! nw ( , I tv » 

"), hi 

accordance with the 

h> no- 

the.si.s 

that the liMlicuiex re* 

present pengone leave 

. The 

absent 

. meinliers are 

r«*pre- 

sente.l 

ly x. 




Fm. 440. Diagram rrmtu* repie- 
Mentatioii of a (imss .spikelet. 
", The flumes ; /» j and /m, 
the inferior and aujierior 
palea** , lodicnleh; //.flower. 



r,«. tirtwi .1. Npikeh't (compare FlfrC, 

»4i*)with t W'.ojteii flower**, t»el<.w which the f wo sterile 
-Imnes ( / 8 ): /.’, Flower r the two lodicule* 

an- in front. the superior palea Ishlnd : the ovary le-ar* 
two featherv stigmas (a I'JJ; t\ a nin^le lodicole 
( j. 12) : I>, ovaiv seen fr«*m the Hide will- the stalk 
of one of the removed stigma* ( > Vi). 


raceme-, or panicle-like in character, and are always cotnjDosed of an 
aggregation of secondary inflorescences or spikklktn (h ig. 449). Each 
spikelet usually bears several flowers, anti also a numticr of bracts 


%n 
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arranged in two rows. The two lower bracts, less frequently the three 
lower of each spStelet, are sterile, and are known as glumes. These 
are followed by a varying number of fertile bracts subtending flowers, 
and termed inferior paleje, sometimes also called flowering glumes. 



Flo. 4*1. Purl of meUiatt section ul a 

»emiii of wheat, Mhuwinj' •>i»hryo hiuI .HCiiteHiuu 
(«•); i •#, vaxrulur tmmlle of Mrutellmn ; e*, its 
cylinder (*]>kt1i«*liniii ; l\ It* : r, sheathum 
part of the cotylmlou ; />»*, v>w>tutivp cone of xtem ; 
lift, hyjKK'olyl ; l t jigtite ; /, nuliele ; <7, rout- sheath ; 
w», luicropylc ; j>, niuleuliH : ♦•/», It* vum - ilnr Immll** ; 
J , lateral will of grume. ( x 14.) 


The inferior or outer paleae are 
often prolonged into awns. Im- 
mediately below the flower the 
short flower-stalk bears a brac- 
teole or superior palea, which 
is always devoid of an awn 
(Fig. 450, Z»), and two scales, 
the lomuulek (('). The lodi- 
eules are regarded as a re- 
duced perigone. At the time 
of flowering the lodicules be- 
come swollen, and by forcing 
apart the palea? and glumes 
they bring about the opening 
of the flowers. All the axial 
portions of the spikelets are 
short, so that the bracts, packed 
one immediately over the other, 
are only partially visible. 

The androjeium consists 
usually <»f three stamens, each 
with a large elongated anther 
attached below the middle to 


the apex of the slender fila- 
ment. The 1 ovary has two, rarely three, branching stigmas situated 
either directly upon the ovary itself, or borne on a short style (Fig. 
450, />'). The pericarp is leathery, and assumes the functions usually 
performed by the seed-coat, which is thin and adherent to it. In 
many cases in most species of Barley) the pericarp and palea* also 
adhere. On germination a shield like appendage of the cotyledon, 
the scutellura, remains within the seed and absorbs the endosperm 
(Fig. 451). 


SlnptiH'hiU'ttt, a Brazilian genus which has probably retained a likeness to the 
ancestral forms of this order, possesses, according to Uklakovsky and Goebel, a 
complete Monocotyledonou* flower ; the }>erigonial leaf failing immediately above 
the bract, is, however, only recognisable as a rudiment in the young flower. A 
trimerous jierianth corresj*»ndtng to the inner whorl of the Monoeotylednnous 
flower occurs in several genera of Grasses, lWxiblv the so-called superior pale is 
derived from the cohesion of two ]*■ riant li segments of the outer whorl. 

Geooiui'HIcal Distkiui tion. — Like the Cttptrrierar, the Oramineae are widely 
distributed over the whole world. They appear in the most varied situations, in 
particular in meadow* and fields, of which they form the principal vegetation. 
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Among the most important meadow-grasses the following may be mentioned : J J mi 
prntensis, Common Meadow Grass or Kentucky Blue Grass ; AyrosHs vulgaris, Red- 
top; Aloptumrus pratensis, Meadow Foxtail: Phlctiht pratcnse. Timothy; Dactylis 



?r“ v '^' ‘.tzszz? a«z. .»i a.*—-. -» «>•* «•» 

therum claim, laUe Oat. ( ", „* j, amiuM and it- allie- form ex- 

Gr«-, etc. The arW-cent ^ the of tll<! ,,rimitlve 

tensive grooves in the Tropics, «r the *nv*m r h * 
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forests. The most important of the cereal grasses (Fig. 452) grow in the Temperate 
Zone : Wheat, TriUmm vulgare, with numerous varieties and races, e.g. T. turgi- 
t turn , T. durum, T. polonicum ; Spelt or German Wheat, T. Spelt a ; Amel com or 
French rice, T. dicoccum ; One-grained Wheat, T. mvnococcum ; Rye, Secale 
cereale ; Barley, llordenm vulgare , in several varieties and races, as H. hexasti - 
chum, H. dislichum, , etc. ; Oats, A mm saliva; Maize, Zea Mais ; and numerous 
fodder-plants. The native condition of the cereals is unknown, except in the case 
of Hordeum distichnm , the two-rowed Barley, which is found in Asia, and Maize, 



Km. 45ft. — Ot fiM satiru. 1, in- Km. 4*»4. Sun hoi «..< iimnn/i (givnlly i >•< hired), 

florescence; 2. s|>ik«*let. (After Flower after removal «>r tin* pale:*-. 

Wnm)tl»l 4 >.) nyrtrtx.it. (After W<»khii»i.o.) 

which is of American origin. The other cereal* were probably indigenous ro Asia 
or Eastern Europe. Rice, Org i« saliva (Fig. 4 .Vi), originally derived from the East 
Indies, and Saeeharum ojtirinantm. Sugar-cane (Fig. 454), are cultivated in the 
Tropics and sub-tropical zones. The latter is a perennial plant with solid inter- 
nodes tilled with parenchyma, from the cell-sap of which part of the cane-sugar of 
commerce is obtained bv a process of evaporation and subsequent refilling (cf. Jlrta 
vulgaris). The Indian Millet, Andropmfon Sorghum, and tin* different sja*cies of 
Hainbum, whose stems furnish a convenient building material, while their hollow 
intemodes serve for household utensils, are also chiefly tropical. 

Poisonous.- Lolimn temuUutum, Bearded Darnel (Fig. 455), an annual grass 
wi^i narrow, elongated inflorescence* of a green colour. The seeds are pdsouous, as 
are also those of /,, tin if <>1 a, a weed only found growing in Flax fields. Both may 
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be distinguished from the other harness species of Loliuui, e.g. L. pcrtnnt Rve 
Grass, by the absence of tufte of sterile leaves. ’ 

Officinal. Saceharum officimrum (fig. 4541 yields Saivhaiiim ; the ger- 
minating grain of Hordeum a 

mtigare , Maltum ; Agropyrum 
repens y Couch Grays, Ruizoma 
or Radix graminis. The 
.starch derived from the seed of 
Triticum mtlgare is the officinal 
Amylum Tritici; Oryza saliva, 

Amylum oryzae. 


Order 4. Helobiae 

Flowers hypogynous, 
less frequently epigynous, 
actinom orphic, with peri- 
anth ; STAMENS USUALLY 
MOKE THAN SIX ; CARPELS 
USUALLY MOKE THAN 
three, in hypogynous 
flowers FREE ; seeds with- 
out endosperm ; embryo 

with LARGE HYPOCOTYL. 

* The Helobiae are marsh- 
or water-}>lants, sometimes 
of a grass-like appearance, 
sometimes with broad 
leaves. According to the 
mode of pollination, 
whether effected by the 
wind, water, or insects, the 
perianth is either small and 
of a greenish colour, or ' J 
large and differentiated 
into a calyx and corolla. I'm. — L'fhinn t* ux >< Untu m.~ 1‘otnoxocs. 

The structure of the 

flowers may he regarded as a modification of the MonocotyledonotiH 
type, resulting phylogenetically from the splitting of the stamens and 
carpels. Flowers exhibiting reduction also occur in this order. 

Familv Allsmaceae. — Flowers hypogynous, helm a ph roihte, with 
perianth differentiated into calyx and corolla; stamens If (0 + d) 
or more ; carpels free, numerous, sometimes arranged^ in spirals. 
Fruit dry and indehiscent, rarely a capsule (bigs* 450, 45«). 

Members of this family are found in all zones growing in marshes or shaUew 
water. As representative sjs»<*ies may Is* mentioned Atisnui Planiago t Vf ater 
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Plantain, Ha<jittaMty(tyiUifoUa, Arrow-head, and Butomus umbellatus , , Flowering 
Rush. 

Family Juneaginaceae.— Habit grass-like, perigonc calycoid. Tri- 
glochin. 

Family Hydrocharitaceae. — Flowers epigynous, usually rsi- 
sexual ; perianth consisting of both calyx and corolla, or the latter 


l-’ii,. 4 , 'Hi. Khan) »tn «'l 
Ech Inatiorn* fnnrnhm f om- <>t 
the Alimmri". (After Run- Kn.. ho. Swjittarin mujUtijulm. o, 1-lower ; h, fruit 

, RK j ;tfter removal of part ot the (.-arjieK. (Magnified.) 

may be suppressed ; stamens three to many ; ovary of three or more 
carpels. Fruit, with irregular dehiscence, commonly many-seeded. 

Atpmtic Plant*. If Iithocfun is , Sfrntiotrs aloitlrs. Elotlra anw- 

t Jr intis lias been introduced 
into Europe from America. 

Family Potamogeto 
naeeae. — Flowers u v p< > 
oynous, unisexual, or 
hernia | ill rod i te, usual 1 y 
NAKED or with REDUCED, 

C ALY( 'OII) PER] GONE ; 
andneeium and the apo- 
carpous gymecium nSF- 
To FOLK MERGES. Ripe 
carpels drupaceous, one 
seeded (Fig. 458). 

The mouiln-rs of this 
family constitute a chief part 
of the fresh- water flora of all 
zones. Potn uutgtton , Pond - 
Km. 4Ss. aoMNs. i, Apex of rtowman shoot ; weed, and Zanmchetlw, 

2 , flower \ Wnvwl from alwnp : 3, flower viewed from the »UW ; llorued Pond - w eed, are 
4. dhmnoa of flower. (After W«mwii»i.*i.) familiar fresh -water genera. 

Some series are found in 
salt water, where they cover extended art* as in the neighlmurhood of the coast with 
a submerged vegetation, «*.</. Zostrra marina, Grass-Wrack or Eel-grass, found in 
salt water throughout all zones. It is used for stulling cushions, etc., ami is the 
only plant of economic value in the whole order. 
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The small family Najadaceae (fl. wars diclinous, one stamen, one ovary) is 
closely related to the preceding, which it resembles in api-oarance and habit. 
Xajax major may serve as an example. 


Order 5. Scitamineae 

Mowers epigynous, zygomurphic or asymmetrical ; ivtidra'cium 
INDUCED, often PARTLY PLTALOlD ; ^ , 

ovar\ usually trilocflar ; seeds with 9 ^ 

perispenn. / ' 1*$^ ^ 

The Srifmahieae are herbs, usually \ 

with perennial rhizomes and with large s . 

pi nnately- veined leaves. The flowers a 
are adapted to insect-pollination: the 7 % 

perianth is in some eases differentiated , / 

into a calyx and corolla, or devt*lo|)ed f / fg c 

as a corollaceous perigone. The struc- 
tore of the andrrecium is especially 
characteristic. Although in certain 11 

cases (f jf. in the flowers of the Banana! if 

it differs from the regular type merely tw 

in the absence or stiiminodial develop a 

ment. of the posterior stamen, in the jJg % 

majority of tlio Sritw/t/arar only one J 

fertile stamen is present. The other yT 

members of the andnerium are then j 

either suj)presse<l or they assume the _ > 

form of PF/IALOII) STAMIN<»1>IA, which ovary:;, 

give the flowers a distinctne sh.ipe ^ 

and appearance (Figs. 459, 4(11, < 4 ). In 

the Ctt unit cat r and Moi'antiarai even the fertile stamen is petaloid 
and bears only a half-anther. The fiuit is variously developed. 


.. I i‘». iif i >nnui nfHfluto. t 

i ivary : ; , \ ; < . rniHtlln ; /, luU'JIum 

flu* * »i ii<*i fctauiiiiiwliH : i», f«*t to* 

•.JliMHMl * 'I l*t \ II*. O llttl. *)/ 1 ' ) 


Family Mu sac e a*. 


m 


Fio. 4«0. — Z i nrji he rut-eue, 
Flo ml diagram (Zingiber). 


F]ou»-r-. , with hvi: notim: atniiicji*. Tin 

pii;,il herl», ,irliur» M « ut in ajt|* , ur.nn , i*. rarely true Iiitj., 
u idi tiiormou-lv large leaves. Tim Rattan* [Musa xupt 
ruin ni and .1 fuso jin rai/iMaftt * i 1 ' Uij.fi lv cultivated in 
all tropical countries for the of it* cdihle ham to 

fruit. 

Family Ca nna ceae. Large-leaved herlm with asym- 
metrical flower.-*, often cultivated (Fig. 4f»lM. 

Family Marantaceae. Leaves with |*«*uli4r 8w»dl- 
iugt at the articulations, often variegated. Am via M 
Mauamak. W<ht Indian Arrowroot, is obtained from 
Jf n rant a Anna! itwrru. 


Family Zingiberaceae.— Flowers zygomorphic ; THE INTERIOR 
STAMEN OF THE INNER WHORL ALONE FERTILE ANO 1IIK TWO 
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LATERAL, INNER STAMENS CONNATE AND TRANSFORMED INTO A 
tongue-shaped LEAF, THE larellum ; the outer whorl of stamens 
staminodial or absent (Figs. 460, 461). 

The members of this family are aromatic herbs, with rhizomes. 
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Geographical Distribution. -TK members of the Zinqibemetm are ail 
tropical. They are represented by numerous species and individuals in the 
forests of South Asia, which they beautify by their magnificent flowers and foliage 
Many species are cultivated in hot-houses as deceptive plants, others are valuable 
for their aromatic properties, e.g. ginger, Cardamom. 

Officinal. Zingiber officinale (East Indies, Fig. 461 ) supplies Rhizoma 
Zingibeius; Curcuma Zedoana (East Indies), Ruiz. ? ehovhuk . Mpiuia 
ofidnarum (from the island of Hainan, China), Rhiz. Galani.ak; ElrttaHa 
Cardamomum (East Indies), Frfotus Cardamom i. 


Order 6. Gynandrae 

Flowers kpigynovs, hermaphrodite, zygomorphig ; perigone 
corollaceous; andrcecium reduced to the three anterior 
members, consisting usually of one fertile stamen and two staminodia, 
ADHERENT TO THE STYLE ANI) FORMING A cui.t’MN ; ovarv Usually 
unilocular, with parietal placcntation ; fruit, a cajwmlo ; seeds ex*. 
CKEDINGLY numerous AND small, without albumen; emhrvo r.N- 
SEGMENTED. 

Family Orchidaceae ( 20 ). — Characteristics the same as for the order 
(Figs. 4G2-467). 

The Orchids are all herbs ; they vary greatly iu external appear- 
ance and have racemose, usually spike like inflorescences. The flowers 
are almost always pollinated by insects, and to 
this end have developed the most complicated 
contrivances. The corollaceous perigone ex- 
hibits endless variation. The posterior leaf 
of the inner whorl is often especially character- 
ised by its size, form, and colour ; like the 
similar but not homologous staminodial organ 
of the Zingiberaceae , it is termed a I.ARELLVM ; 
it is frequently drawn out below into a sac- 
shaped cavity or spur (Fig. 4G3, a,/). Jn 
its rudimentary condition the labellum is 
uppermost, but, as a rule, it acquires ultimately an anterior 
position in consequence of the torsion of 1 80 suffered bv the 
inferior ovary, or as a result of the tilting over of the whole 
flower. In the andrcecium only the anterior stamen of the outer 
whorl and the two lateral members of the inner whorl arc developed ; 
these two lateral members are usually transformed into sterile, lobed, 
or tooth-like prominences (b, p), while the central stamen alone is fertile 
and bears an anther (e.g. Of chi*) ; less frequently, the central of the 
three stamin&l members of the andneciuin is sterile, while the two 
lateral are fertile ( Cypripedium , Lady s Slipper) The g\ xohtemium (b) 
formed by the union of the stamens with the tipi of the carpels is 
sometimes developed as a column ; sometimes, as in Orchis, it is short 
and barely elevated above the receptacle. It l>ean at its apex the 



Fl«., 4d;i. - ttn'hutorwr. 
diagram (OwAG). 
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stigma and, the atfther, or a pair of anthers as the case may be. The 
pollen is rarely powdery, consisting of separate grains (e.g. Cypripedium.) 

All the pollen-grains of each theca 
are usually united by a viscid sub- 
stance into a club-shaped mass or 
pollinium (c), attached above or 
below to a mucilaginous filament 
termed the c audio lk (e, r). In a 
few cases several pollinia are present. 
The three -lobed stigma (b, h) is 
situated directly below the anther. 
The two lateral lobes are always 
normally developed and destined 
to receive the pollen, while the 
anterior lobe has frequently the 
form of a pouch -shaped beak or 
kostkllum (b, /), in which one or 
two small masses of sticky mucilage 
(y), the (JLANDOL/K ( retina win ), are 
binned bv the disorganisation of 
the tissue. To these sticky glanduhe 
art' attached the caudicles with their 
pollinia. The whole structural de- 
velopment of the flower represents 
an adaptation to insect-pollination. 
When an insect inserts its pro- 
boscis in the nectaries of the labcl- 
lum, the glamlube with their stalked 
pollinia become glued to it, and the 
pollen is thus applied to the next 
flower visited by the insect. Simi 
larly, hy inserting a pointed instrument in the spur, a lead -pencil 
for example, the pollinia will be found attached to it on its with- 
drawal. The capsule is often leathery, and in dehiscing splits into six 
valves. The embryo is usually spherical and exhibits no differentia- 
tion into hypocotyl and cotyledon. 



lu. 4<*3, - ■ Orchis militia is. a, : ", 

bract ; h, o\ary ; r, the i niter, Hint d, the 
two Anterior Inner j»erijrone D«u\«*m ; #*, lutn-1- 
lain with tint spur /; ^vnostemimii. b, 
Flowin' after removal »»1‘ all of t 1 m* pi nion** 
leave* with exception >*f the upper jKtrt nt 
the lahHluiii ; h, l, loitilUiiii; 

tooth-like prolongation of the ro^trllum : 
IH , tuither ; e, connective ; n, pulliniiint ; */, 
gland nln : p, Khtniinndiuni. c. A |M»liitiiiiin : 
r, Citudiele; a, |m»! d, Ovary in tiaii-* 
\erse section, (After Unto and Sc hviix.) 


Many of the indigenous species have underground tuliers Orchis). As a 
rule, two tubers are present, formed by the union of several roots ; according as 
the coalescence is more or leas complete, they are ovate and smooth (Fig. 465), or 
palntately divided (Fig, 464). One of the tubers, the older mother-tuber, is dark- 
eolouml and lla<rid ; it bears the floral shoot and afterward dies. The other, tins. 
daughter-tuber, is firmer, lighter-coloured, and provided with ait apical bud. It 
remains dormant in the soil over winter, and in the succeeding spring gives rise 
to an aerial shoot, ami then, after produeing a new daughter-tuber, acquires in 
turn the structure and appearance of a mother-tuber in consequence of the exhaus- 
tion of the accumulated reserve material of its cells. 



FV;. 4 M—Vougorv m Unto, an »«, • v «" ilu ' !***&*• KIowctUik -hoot <J nit. 

orchid. (After IVitzkr in Snt. i.. ) ~om mm /.. (Induced from « by Urn.. 

I nat. si«\) ' a,, ‘ 1 


Uhellum ; O^/rn/5, without >\mr. tin- flower iwitihlin# an iiiWt ; both genera, 
and similarly dymn^nno, Platnuthfra, ami others, with tuber* : ^phnUuUhrra 
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and Epipactis, with creeping rhizome. Neottia t Efrripogon, and Comlliorhiza are 
humus plant%mther poor in chlorophyll or wholly devoid of it. Vanilla (see 
under Officinal).’ 

Geographic At Distribution— This family inhabits chiefly the Tropics, where 
thousands of its species are found growing as epiphytes upon trees. The roots of 
such epiphytes (Fig. 466) attach themselves to the bark and are enveloped by a 
velamen, which greedily absorbs water ; while, in many oapes, the stems are tuber- 
ously swollen and serve as water-reservoirs, accumulating water in their oells and 
transmitting it to the leaves in dry weather. Terrestrial Orchids, on the other 
hand, are more numerous outside of the tropical zone, particularly in the drier regions 
of Southern Africa and the countries adjoining the Mediterranean, which are 
especially characterised by the profusion of their tuberous and bulbous plants 
(of. Liliaeeae), 

Officinal. ——The unripe fruit of Vanilla plani/olia (Fig. 467) is the officinal 
Fructus Vasillak. The Vanilla is indigenous to Mexico, but is now cultivated 
in ail tropical countries. It climbs by means of its aerial roots, like the Ivy. The 
ovate, not the divided!, tubers of several species of Orchis and allied plants found 
in Europe and Asia Minor are used ns Salop, Tubkiia Sai.kp. 


Sijb-Class II 

Dicotyledones ( l » 2 ) 

Flowers generally constructed after the pkntamerous, pentacyclie 
type. Embryo with two cotyledons. Herbs and woody plants 

with open vascular bundles ex- 
hibiting, in cross-sections of the 
stems, a circular arrangement, 
and also almost always with a 
cambium which intersects the 
bundles (Fig. 468). Leaves 
usually with reticulate vena- 
tion (Fig. 4G9). 

The seeds are variously con- 
structed, sometimes with, some- 
times without albumen. The 
embryo may be large or small ; 
in some parasites and sapro- 
phytes it is unsegmented, but 
otherwise it is differentiated into 
radicle, hypocotyl, and two coty- 
ledons. On germination, the 
cotyledons remain in some cases enclosed within the seed, in others 
they become green and unfold above the surface of the soil. 

The primary root is usually retained, and may be distinguished 
from the lateral roots by its larger size and more vertical growth. 

The stem of most Dicotyledons is more or less profusely branched. 



Kio. 4ti8.~-TnUMY#*nw» section of h y«mn# *fcen» of 
ArhtiUwhin Sij&o (ef. |>. lit!). 
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(For an account of the arrangement (Fig. 468) of the vascular bundles 
and of their structure cf. pp. 3 12 and 105. The secondary thickening 
is described on p. 122.) * ® 

The leaves are alternate or vhorkd. They often have stipules, 
but rarely leaf-sheaths. The lamina 
is simple or compound, entire or more 
or less irregular in outline. 

In the majority of eases the 
structure of the flowers may be re 
ferred to the pentaoycuc, penta- 
merous type, although flowers with 
whorls, consisting of two to six or 
more members, also occur. NVhen 
more than five members are present 
in a whorl the modification of the 
normal structure is usually due to 
splitting ; when, less than five, to 
suppression. There are also some 
flowers which normally have less 
than five members in the floral whorls. 

In the most simply constructed 
Dicotyledonous flowers 
the number of members composing 
the whorls is subject to variation. 

In the oldest forms a corolla is 
typically absent; in the more highly Lt , {l W1 ,i. wuan.m. 

developed the perianth is usually <1 *«'«.) 

differentiated into a calyx and cor 

olla. More rarely the perianth is simple, by the suppression of one 
whorl, or is developed as a double calycoid or corollaceous perigonc. 
The median sepal with few exceptions hMinoar) 

occupies a posterior position. 

The Dicotyledons are divided into the two groups, 1 with 

the corolla segments free, and Sifinp*f>iUu\ with the segments of the 
corolla united. 

Group 1. Choripetalae 

Perianth single or double, and then usually j>olyphylIoiw. 


Order 1 . Amentaeeae 

Flowers hypogvnous or epigynous, unisexual, small, naked, oj 
with CALYCOID perigonk; the male in catkins (amenta) ; the female 
in various inflorescences. Number of stamens variable, rarely the 

2 I 2 
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same as that of the perigone leaves. Gyncecium two- to six-merous. 
The pollen-tdke usually enters the ovule by the chalaza, not by the 
micropyle. Seeds without endosperm. 

The Amsntaceae are all woody plants with alternate leaves. The 



Ktu. 470 . • • Sn!u t iminuli*. A, 
Flowering nmlc-ahnot (nat. *!*«»); 
/i, male llowt'r with *ul>t ending 
bract tmagmlled); t\ female 
mflvuriM'fne** ; /> - fi, frmah* 

flown* (mugniticd); F, fruit 
(uat. «!«■): <>\ the aarnc mogul* 
; //, «»*•«! (magnified). 



I n-. 4 1 1, I'ep-'l >» l, Male teiflorrsoence ; 

feumle ; :t, male Mower; 4, female Howe 

{>, the same in lnngiiudinul section ; d, fruit ; 7, the .sat 
after tleluM-enee ; )s, i», diagram of male finwi 

(After Wo^stin.o. > 


nude inflorescences are characteristic of this order ; they have the form 
of catkins, tearing the small flowers in the axils of scale-like bracts. 
The female flowers are sometimes aggregated into catkins, as in the 
Willow ; in other cases into capitate or spike-like inflorescences. The 
fruit is usually a one-seeded nut, rarely a capsule or drupe. 
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The diclinous flowers, the absence or imperfect development of the 
perianth, the variable number and often irregular arrangement of the 
parts of the flower in the same or in allied species, the almost uniform 
wind-pollination, the small degree of modification exhibited by the 
flowers adapted to pollination by insects, ami the chalazogamy make it 
probable that of all the Dicotyledons the Amenhwea? differ least widely 
from the piimitive form, and represent phylogenetically the lowest 
stage of development. 

The essential variations exhibited within the order are limited to 
the female flowers, which are sometimes hypogynous, sometimes 
epigynous, and possess a septaied or miseptated ovary, a single ovule 
or a number of ovule* in different positions. These distinctions are 
utilised in classifying the different families. 

Family Salicaceae. — Flowers iiyihksynovs, diucious : perianth 
absent ; DISC cupular or consisting of scales ; ovary dimerous, 
UNILOCULAR WITH NUMKUOUS PARIETAL OYCLKS ; fruit » capsule; 
sends numerous, furnished with a tuft of silky hairs. Trees and 
shrubs, bearing simple leaves without stipules, and amentaceous 
inflorescences (Figs. 470, f 7 1 ). 


The family contains only tie* Iwo Salts, Willow, and /‘o/m/e.*, Poplar. 

The flowers of the Willow Kip. 17o , unlike those of all the other A tat* at new, \ 
are pollinated by inserts. not by the wind. Th**\ .oe accordingly provided with 
nectaries (the dise scales) as a mentis of enticement. and the male lionets have an 
attractive odour. bright*eolourcd antic is, and a s*jrk\ pollen. Male and female 
eatkins have essentially the same stim-iure ; tin \ air beset with seah* like, entire 
braets, in the axils of which tin* flower., are borne singlx. Earh male flower possesses 
usually two stamens ■ Safi.r allm , rarely three m more Sal<.i l, iataha, .V. p, afantfro). 
Tlie fruit is a two-valved «apsnh\ Tie* numeious s.-eds an* disseminated by the 
wind ; bv means of their hairy appendages they aie able lo float for a long time in 
the air. 

The Poplars (Fig. 17b -or aaemopluloiis The flown*. accordingly , are 
destitute of nectaries. The eatkins are similar l<* those of the Willow, but with 
toothed or 1ol»ed braets. The fruii «nd sen]* are like tb< oft.he Willow. 

tlE«M.KAVHICAl. I)tSTItIt»CTIoV.-% The SaftOU't'O’ iuh.thit almost rxelusively the 
temperate and colder zones, where the\ ur often abundantly ii*presented. con*ti 
tutin^ an important part of tl»e vegetation. They ate specially eharActeristir of 
the low ground along the banks of streams, where the nmre shrubby Willows 
(S. jntrjmrt ft, t rinndra, cia,inali» etr. < lonn thicket like, growths, often overtopjied 
by arborescent species IS. alhn, Jmyili * The Weeping Willow {S, babt/faniva) is 
indigenous to the East. 

To the genus I’opulas belong, among others, the White Poplar < I\ nlfja ), the 
Black Poplar { V. nip, a), the Aspen /’. t manta. Fig. 471*, all natives of Kurojte, 
and the Lorn hardy Poplar ( py ran, alalia}, originally indigenous to the East. 

OFFICINAL . — Salix alhn, S.jntgiH*. and other species yield Coin EX 8AI.U IS. 


Family Cupullferae. — Flowers kpiuynous, monoecious, with or 
without perigone ; disc absent ; ovary two- to THREE- locular, WITH 
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ONE TO TWO SUSPI&mE# OVULES in each loculus; fruit, a one-seeded 
nut. ' Wood$* plants with simple, stipulate leaves; female inflorescences 
of different types (Figs. 472-478). 

The Cupuliferap are deciduous, or, in the warmer zones, evergreen 
woody* plants, with variously shaped, usually toothed or lobed leaves. 
Their flowers are small and inconspicuous; they are adapted to 
wind-pollination, and are accordingly destitute of any special means of 



Fm. 473 .— faijtitt 1, Flowering liranch; 2. a malt- flower; K, a female flower cut through 

longitudinally : 4, trana\»*r<« auction of ovary ; rupule and fruits ; 0, fruit. (After Woshidi.o.) 


attracting insects. The male flowers are either naked or have a perigone 
consisting of four to six members ; the female flowers are variously con- 
structed. The presence of a woody (TITLE is characteristic of many 
Cupuliftrae ; it consists of an involucre formed of coherent bracts 
investing the wholo female inflorescence or only the single flowers, 
and completely enclosing the whole infructeseence or the separate 
fruits, or only enveloping them at the base. 

ScuFamiuks am* Representative Genera. —( 1 ) Bctuloidtac . Ovary 
bilocular ; no woody cupule. fktula, Birch ; Abuts, Alder ; Cnryhts, Hazel-nut ; 
Varytinuti, HornWm. (*2) Fngoidta c. Ovary with three, rarely with more loculi : 
cupule present. Fagus, Beech ; Qttercus, Oak ; Costarica, Chestnut. 

In the Btedh (Fig. 472) the male flowers are Itorne in small, globose catkins, 
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they have a bell-shaped, fringed peri gone and numerous stamens. The female 
inflorescence is composed of two flowers with a six- leaved pop gone and trimerous 
gyncecium. Each inflorescence gives rise to two three -sidt-il nuts, which are 
invested by a woody cupnle. The empale is co\ « red with ban! bristles, and when 
ripe splits into four valves. 

In the Chestnut ( Castani vr rcma) the fruit is also completely enclosed in a 



'n», 473. — < juercH* jiedunculut". .1, Flowering Oram’li 
(tmijmiKe*!) ; />, a female flower h, 

urriviSAL. 


; a male flower tMMigmflH); i\ siemens 
n.fr ; F. eujmle; **•!!. s*nsl. - 


ujmlo until maturity; this is thh kly covered .HI. 1-ri-khs, ami splits into four 
VSl Tlie"oak '(Figs. 473, 474 ) ,»,«*— h long, sl. n.htr malr -atkius wftb 

, . . ' a,i.ik«-likc female Each female 

disposed at intervals, and capitate oi ?»piKo »»*« w 

flower is provided with a scaly ru|,u!.-. svl.i l. „l.,...at«ly invert* the base of the 
solitary nut (“acorn '). Only two specie, arc mdigenon* u. (.enmmy, Q. 
jxdunculctfa and Q. uuiliJU*; to* of which are often regarded as vanot.es of 
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the one species, Q. mbtir. In the first named the leaves have short stalks, and 
the female inftOtf^cences are spicate ; in Q. sessiliflora the stalks of the leaves are 
while the female inflorescences are capitate. 

^ The inflorescences of the Hazel [e.g, Corylus Avellana , the common Hazel-nut), 

unlike those of the genera just described, are 
develop! in the preceding year; the male last 
over the winter, naked ; the female inflorescence 
is enclosed in a hud (Fig. 475). In early spring 
the male catkins elongate and produce an abun- 
dance of dry pollen, while the female inflorescences 
arc distinguishable from the leaf- buds only by 
tlieir larger size and projecting red stigmas. The 
nut is enveloped at the base by a sheath of 
succulent bract s. 

In the Hornbeam, Uajyinus JJetulus ( Fig. 476), 
the v.\ Iindrical loose inflorescences make their first 
appearance in tin* 'spring. The nut is provided 
with a throe-lobed sheath. 

The inflorescences of the Alder (r.y. Ainas 
ghUin<>.sit, Black Alder : A. / ncaua , Speckled or 
Hoary Abler , like those of tin* Hazel, are de- 
veloped on the shoots of the previous year. The 
male are long and cylindrical; the female are 
much smaller, o\old in shape, and form cone-like infrueteseences with two nuts at 
the base of each scale (Fig. 477;. 

In the Birch {JWtala alba) the male intloreMenees appear in autumn, the female 
not until the following spring : both are cylindrical and many-flowered. The 
fruit is winged, and is l>orrio in groups of three in the axil of each bracteal scale ; 
the scales become detached from the axis ami fall off together with the fruit 

(Fig. 47#). 

(Jkouu.v I’Hir.u, UtsTirntt TluN.~ The t UifHi/ift rttr constitute the most important 
deciduous tree* of the forests of the whole northern hemisphere, hut only occur in 
the Tropics in the cooler mountainous regions. 



Flo. 474.-— jteduneubitd, longi- 

tudinal section of the female flown . 
h t The ynuiijj cnpule; e, ovule; «/, 
ovary; <, twigon*' : /, style; 
stigma. (After Hero and .Schwiot. 
nuignitle*!.) 


This family supplies many plants of economic value. The wood of tin* Oak is 
particularly valuable on account of its hardness and density, while the hark is used 
for tanning, and the fruit as a cheap substitute for entice. Cork is obtained from 
the Cork -Oak {tjutrevs Hither and ij. n tails) of Southern Europe and North 
Africa, The wood of Hie Beech i> largely used lor firewood, and from the seeds 
(Baech -nuts) oil is derived. The seeds <»f the Chestnut are edible. 

OFFICINAL. — The hark of some species of Oak. Com ex Qi'EIUTk, and the 
acorns, Semen Qi riuu s, are used medicinally, yihrcus in/tetoria, indigenous 
to the Hast, produces, when stung by the Oalhllv, Cynips galhu* tinetoriae, the 
otiicitial Callak. Faya * sihmtica gives Fix i.ujuua. Jietulu alba, Oi.ki m lit m i 
a. ueti mni m. 


Family Jugtmdaceae. — Flowers cpigynous, monoecious, naked or 
with tetramerous perigoiie ; number of stamens indefinite ; ovary with 
two incomplete juktij, enclosing one erect ovi le. Aromatic 
trees, usually having imtarihnnatk leaves without stipules. 

In Juylnnit rtgui, the Walnut (Fig. 47F), the thick, cylindrical male catkin* are 
borne in the axils of the fallen leaves of the shoots of the previous year ; the two 
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bracteoles and the gamophyllous, tetrameroUs perigone are adherent and envelop 
a varying number of stamens. The female flowers are aggregated in few-flowered 
spikes at the apfeea of the leafy shoots of the same year. In the female flowers, 
as in the male, the leaves of the perigone are coherent and united with the 
bracteoles. The large, white papillose stigmas constitute the most conspicuous 
part of the flowers. The fruit is a drupe, and when ripe it has a brown, 
irregularly splitting exocarp and a hard endocarp. The seed, which is deeply 



Km. 471 K-~Jvghtn.< regia. Branch with malt* (n) and female ('■) in florescences ; 2, a group of male 
flowers *, u, stamen seen from the inner side ; b, the same seen from the side ; 3, a female 
flower; 4, the same in longitudinal section ; fruit, with isricarp j>artly removetl ; n, tlie 
same in longitudirml hoc t ion.— Or/vc/.vs/.. (After Wosmihi.o.) 

lol»ed ill consequence of the incomplete septation of the cavity of the ovary, 
consists of a thiu seed -coat anti two large, oily cotyledons attached to a short 
hyjKicotyl, 

Gkoukaphuwi, Dwtuuivtihn. — The Walnut {J. regia) grows wild in Greece 
and Asia Minor. The other members of this small family are forest trees of North 
America and Eastern Asia. The wood of several sjmcic* o Jitylandactae, particu- 
larly of the Walnut, is much used for furniture and in cabinet work. 

Officinal. — F rom Jutjlam mjitt is obtained Folia Jvulanms. 
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Family Myricaeeae. — Myma gale is a small shrub occurring on 
moors. 

Family Casuarinaceae. — East Indian and Australian trees 
resembling Equisctum in habit. 


Order 2. Urticinae 

Flowers hypogynous, usually unisexual, small, with simple, r.\LY 
pehKtONE ft stamens opposite the leaves of the porigonc, and of 
the same number ; gynoecium on''- to two-meron**, iti the last ease one 
of the carpels usually reduced ; ovary unilocular, with qm i ovule; 
seeds usually with endosperm. Herbs and woody plants with der.^e 
inflorescences. 

There are no very essential difference* between die *im< utmuuu' ;uid 
Inflorescences resembling the catkins of the -L ti(ttf,tetar <oinetiine^ uceur ill the 
Urticinae. The reduction 
of the gynmcium to a single 
fertile carpel does not 
always take place ill the 
Urticinae , nor is an undo* 
sperm always present in 
the seeds without oxeep- 
tion. In such eases, how- 
ever, other charaeteristi' s 
and a comparison with 
allied forms leave no doubt 
of their proper position 
within this order. 

Some members of 
this family are herbs, 
others are shrubs or 
trees. They have 
variously shaped, but 
always stipulate leaves, 
and frequently they 
contain a latex. The 
flowers, as a rule, are 
wind - pollinated and 

inconspicuous ; they ^ 4*0.— Limns <a<*j \, branrli; 2 f branch 

are aggregated into witJ , ; a, a : *, t\* *«!»*% rut timm^h bmgttuat- 

thick inflorescences and i»uy . \ fruit. (Afvr 

produce great quanti- , ... 

ties of dry pollen, and have large, bnmh-lik* stigmas. Lntomoplnkm. 
forms adapted to insect-pollination occur in the Momtmu (nj. the Fig). 
While in the Anuutaciie the structure of the flowers is subject*) 
great variation, in the Urticina* it is more uniform and constant The 
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almost invariable presence of a perigone, the haplostemonous stamens, 
the heraaplfcft^jte; or, % reduction, unisexual flowers are indicative 
of the high stage hi development attained by this family. The fruit 
is either dry and nut-like or drupaceous. 

Family Ulmaeeae. — Flowers hermaphrodite or, as a result of 
suppression, unisexual, with four to six perigone leaves ; stamens 
STRAIGHT in the bud ; ovary dimerous, unilocular, with one SUS- 
PENDED, anatropous ovule. Woody plants without milky juice, 
with pinnately veined leaves and caducous stipules (Fig. 480). 

This family comprises tall trees with two-ranked un symmetrical, hairy leaves. 
The flowers are hermaphrodite and clustered in the axils of the leaves of the 
preceding year. The fruit is a winged nut. 

Geooiuphi<\u, Distribution.— 1 Th© nmaceac are forest trees of the temperate 
and tropical zones. As examples of the genus (limns may he cited, Warns cam - 
yestris, the Common Elm, and f T . effum , also the Witch-Hazel or Wych-Elm, Warns 
mo tit ana, all native of Europe. Celt is australis , from Southern Europe, and the 
Hack berry ( Ccftis occidental is) from North America, both of which have drupaceous 
fruits, are frequently cultivated as ornamental trees. 


Family Moraceae. — Flowers unisexual, usually with four perigone 
leaves ; stamens straight or txplkxkd in the bud; ovary dimerous, 

unilocular, with one 
SUSPENDED, ANATRO- 
POUS ovule. Mostly 
trees or shrubs, rarely 
herbs, with milky juice 
and caducous stipules 
(Fig. 481). 

The Moraceae are 
easily distinguishable 
from the Ulmaeeae by 
their latex tubes, and 
also by their peculiar in- 
florescences, frequently 
consisting of numerous 
axes which have become 
\V \V ,// W3 * te J more or less coherent. 

V £ Especially remarkable 

in this respect are the 
flowers and fruit of the • 
Fig-tree, Ficus earka 
(Fig. 481). The fruit known us the Fig is the aggregated product 
of the complete union of the axes of a eymose inflorescence. The 
succulent part of the ripe fruit consists in its outer portions of the 
coherent axes, and internally of the perigones of the flowers compris- 
ing the inflorescence. The perigone of each flower encloses a hard 
nutlet, the whole representing a single fruit. 



Km. 4M. Hrw't'orhxf, l, Klowcriua Imitirh ; U, a frical* 1 Mower 
cut longitudinally ; 3, a male flower; 4, a 0$; in 

longitudinal suction. (After WowunuO 
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The Moracea6 are represented in Germany only by cultivated species, the Mul- 
berry tree, Morns nigra , whichis of Asiatic origin, and by ill Fig-tree, Fu'nsmria». 
The genus Ficus is the largest of the family, and is especially remarkal '& on account 
of the great variety of forms it assumes, the nze and beauty of many of its .sjajoies 
and its economic value. The seed i£ the East Indian Banyan, Fi 'us bettgttknsis. 
germinates on the branches' of other trees, t-> which it is * 'juried by birds. Grow 
ing first as an epiphyte, it sends down slender roc ts to the grouinl. which develop 
ultimately into thick columns ; the branching crown in tin meantime become* 
enormously expanded horizontally, and there is formed a large hall of column*, in 
thr shade of which there is sufficient space for a village. The tree upon nliiih 
the seed first germinated disappears entirely. The species of /Vci/s and 
the majority of the Moracnu' oeeur in the virgin lore ms of tropical countries. 



k.<;. 4>±-n.„„w «/,«. 1. 1*«.. •;f; “ 

plant ; a inal- Mower ; a. o f.ina!.- Innt. (.Mt. r 

Caoutchouc in obtained tin- tal-x «f [ 

i^eaiue rn.it. ->, i ;-i f:;:* " k^, 



Family Cannabinaceae.-FI.-u m ty,m-ally Mw | |h» 

with five peritf.no leave*, «»1 ■* ...any mm** with «a mi ^ 
mentis in the lmd; the female flutter ha* an entire. «')*■ ■>* ,,tr f ^ 
Ovarv dimerous, with one as. xr*> u,de. uh* 

wmiol'T I.ATJCX, with jiitlniaU-ly-norvcd leave* awl rM.M.O.N. ^.JHiIck 

(Figs. 482, 483). 

//,, nulas Caombis jot/uy/, Hemp, i» « 

(4 KN E UA. Co itn/tln$, //W<,,/ * { |m;lt ,. lv divided b‘HV«H Ih.hK Hitll Htltr 

Hast Indio*. It » an annual boil. «.. . |«lm - - with „»ly 

hair*. The male ^ Jail -pike*, ami are con- 

at the l»He. The 1 email fi ' / ' of wind-pollination, tin- stigma* an. 

oealed by numerous leaves ; as m ' * ^ x) ,„ plant* are larger and 

eharactcristieally large and papil *•*> K- *' >t(-n(li j WVM „{ the leu, ale flower* 

[losses* thicker foliage titan tin- m“- - , i Iur , whi* b excrete rv»iu. Tin 

if the variety Mica are covered w.tb **■*“«« 
fruit i* a nut with a seed containing much oil. 
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The Hop, Humulu^Lupulus (Fig. 483), is both cultivated and found wild. It 

is a twining, perennial herb with 



Kh.. 4ks. . • Ifntnuhis 1, Bniuoh <»!' mul«* in- 

florescence ; ' 2 , timnrh wit li female inflorescences ; 
a, a female in florescence ; 4, two female flower* 
with Bract; \ infruetencenee ; <», fruit. (Aftej 
W0H8UU.0.) 


hispid, palmately-lobed leaves. The 
male flowers are united in profusely 
branched, axillary panicles devoid 
of leaves ; the female are clustered 
into cone-like inflorescences, whose 
scales represent, in part, the stip- 
ules of undeveloi>ed hypsophylls, 
in part the subtending leaves of 
the flowers. When ripe, the scales 
are covered with yellow glandular 
hairs which secrete lupulin. It is 
to the presence of this lupulin that 
tlio value of liops in brewing is due. 

Officinal. — Cannabis saliva 
provides Fiu’ctus Cannabis ; from 
Cannabis saliva var. Mica is ob- 
tained IIkiiha Cannabis indicae. 
The glands of the cone -scales of 
Hnmithis La pul as have an oflicinal 
value as Lri'UUNVM oiGlaniulae 
l.riM'Li, the whole cone as Srno- 
M1 LI'S Ll lTLI. 

Family Urticaceae. — 

Flowers unisexual through 
reduction, usually with four- 
leaved perigone and with sta- 
mens IN FLUXED ill the hud: 
ovary M< (NUMEROUS, WITH AN 
HR EC J , ATKOl'urs < (YULE. 
Herbs and shrubs WITHOUT 
latex, with stipulate leaves 
(Fig. 484). 

The Urticaceae 


herbs and shrubs with simple leaves, which 
are often armed with stinging hairs (Fig. 
115). ' The flowers are restricted to wind- 
pollination, and are clustered in thick, 
gfreenish or whitish inflorescences. The 
fruit is a nut or tC drupe. 


A 


\ o / 



GkooHaphicai. DisruinmoN.— The Stinging 
Nettles, Urtica arms and tlioim, occur everywhere 
as common weeds. The majority of the represen- 
tatives of this family, however, inhabit the 
warmer /.ones, when* they constitute a consider- 
able proportion of the herbaceous and shrubby vegetation of the primitive forests. 


Kl«. 4S4.~~ Floral diagram of FiL'err 
>1 iihrti. A , tin* male ; B , tin* female 
rtow»*r. (After Ek hler.) 
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Order 3. Polygoninae 

Flowers hypogynous, hebuathroditr, sometimes unisexual !>v 
suppression, generally trimerous ; peiianth absent or jikvklohsd as a 
perigone ; ovary unilocular, with a single basal atuofous ovule 

The Polycfonimc occu]>y an intei mediate jwsition LeUven the Crtkinac ami th. 
following order, Centrospcrmae. They dim- from the Cathusptntm*- in having 
atropous ovules and in the trimerous structure of th tir flowers. 


The members of this order 



Fit;. 4s5 .— i'i/re nhjnn,t. i l’art i>( slantt 
with yunng infract «*w«*ne*“* ; 2, tip of frail * 
spikr. (After Woshiolo.) 


are mostly herbs, rarely small woody 
plants. They generally have axes 
swollen at the males, simple, usually 
entire leaves, and spike- like inline 
escences with closely -crowded small 
flowers. The flowers themselves vary 



I., f», Infuirt i mm'Iu-*’ \ ti , M 

• c, ft h'mtti*- HoW'-r to 

, 0 , 1 ; >1, trait in twhtttt! miction, '07/- 

i. (At(«t Itriui jui*i St tiMior. »», Nat. «l/< , 

if. lati^aiM.^I.) 


greatly in structure; sometimes naked, and of the simplest structure , 
sometimes, by the dissimilarity of the outer and inner leaves of the 
perigone, and by the possession of two whorls of stamens, they exhibit 
a higher stage of development than is attained by Urn I'rlirituw. ftt 
this and all the orders which follow, the jsillen tul* enters the ovule 
by means of the micropyle. The fruit is either a nut or drupaceous 
in character : the seeds contain a mealy albumen. _ 

Family Piperaceae. —Flowers NAKK.o, typically trimerous, hut 
usually reduced ; fruit. lintTAfKors ; seeds with I'KRiai'KitM. Herbs 
and shrubs with stipulate or exstipulatc leaves (Figs. 4 So, 486). 

The Piperaceae are found exclusively in troj.ieal countries, where, as herb, awl 
shrubs, often climbing by means of roots or living as epiphytes with mrm.p.euou*, 
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densely clustered, grega flower -spikes, they constitute an essential though not 
particularly prominent pari of the Flora. Piper nigrum L., the Black Pepper, 
is a shrubby roo* climber native of the East Indies, and is now cultivated in all 
tropical countries. The unripe drupes of this species are familiarly known as black 
pepper ; white pepper consists of the kernels of the fruit of the same plant, freed 
from the exocarp. The perisperm is large and mealy. 

Officinal. — The dried, unripe fruit of Piper Cubeba, a climbing shrub of the 
Sunda Islauds, is the officinal Cubeba. It is distinguishable from pepper-corns by 
the presence of a stalk -like appendage (Fig. 486). 

Family Poljr^onaceae (SO). — Flowers with single or double perigone, 
typically trimerous, but the number of 
stamens is frequently increased by divi- 
sion; fruit almost always a nut; seeds 
WITHOUT PERISPERM. Herbs, rarely woody 
plants, especially characterised by alternate 
leaves and connate stipules in the form of 
TUBULAR SHEATHS (Ochrea, Figs. 487-489). 

The wild or cultivated VoUjijonnwae 
are herbs with hollow stems and simple, 
rarely lobed, alternate leaves. The oriiUKA, 
formed by the coherent stipules, is very 
characteristic ; it first encloses the apex 
of the shoot, and afterwards surrounds 
the base of the internode and axillary 
bud as a, scaly tube. The flowers are 
small and aggregated into compound 
spikes, racemes, or panicles : they have 
a ealveoid or corollaceous, reddish peri- 
gone, according as they are anemophilous 
or entomophilous. The inner circle of 

Kim. 4S7.“ beat of /WyijmitifUi htfnithi- StailieilS is oftCll Slippl'CSSed (//tfW 7 C,/*). 

pr^uu ochmt. <K*iuc«i. The fruit is in most cases a three-sided, 

AIU'I’ llUCHAKIHK.) A 1 • n , . , , , 9 

t Inn- walled nut with a mealy endosperm. 

l'ohjljonii m, Knot-liras*, 1ms a coroUaceons, live-leaved perigone and live to eight 
stamens, Rnmrx , the Dock or Sorrel, possesses a six-leaved (3 -t- 3) ealveoid perigone 
and six (6 4 0) stamens. Rheum, Rhubarb, has also a ealveoid perigone and nine 
(6 t stamens. 

UKotiKAFHiCAi. BisruinrnoN. -The Pohjgmutcear are chiefly found in the 
North Temperate //me. Jiumex acefosa, Sorrel, contains a large amount of potas- 
sium oxalate, and is on that account esteemed egetablo and often cultivated 
for that purpose. Other frequently cultivated plants belonging to this family 
are the Buckwheat, Fagojyyruvi escu hit turn, and the different species of garden 
Rhubarbs. 

Officinal. -The rhixome of IHutut* ojicinak and /». pal, datum is the officinal 
Raiux Rhki. 




Flo. AW.—HKcum officinal*.' A, Flower ; If, Hi*- **a>e rut through loAgHwiiTWlly ; C, gy ttttciuoi 
with disc : Rhtvm mnpad»,n, I), fruit. (After UBmmxx, nwgnifM.) 
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% Order 4. Centrospermae 

Flowers hermaphrodite, usually hypogynous, pentamerous with 
CALYCOID PERIGONE, OR WITH CALYX AND COROLLA, rarely naked; 
androecium haplostemonous or diplostemonous ; ovary commonly 
UNILOCULAR, WITH A SINGLE, BASAL OVULE, or with a FREE-CENTRAL 
PLACENTA and numerous campylotropous ovules; seeds with peri- 
sperm and a CURVED embryo. 

The (Jentr'*permae are for the most part herbaceous, rarely woody 
plants with simple, exstipulate leaves. The flowers are either incon- 
spicuous, white, or highly coloured, according to the method of pollina- 
tion. As regards their structure, the flowers of the different members 
of this order may be arranged in an ascending series, beginning with 
the simplest forms, resembling those of the Urtic.areae and gradually 
advancing to the more highly developed, constructed after the penta- 
cyelic, pentamerous type, characteristic of the Dicotyledons, and having 
a perianth differentiated into calyx and corolla. The Centrospermae 
thus link together the apktalovs and corollate Dicotyledons. 
The unilocular character of the ovaries in most members of this 
order is tine, no doubt, to the disappearance of the dissepiments, as 
in some eases they are partly retained (Fig. 491). 


In tin; simplest cases tin* flowers consist typically of thre whorls (r.//. Chcnu- 
junlimrac) ; the number of the whorls is in other instances i ?d to live i ,<j. 

most CanjophijUacenc ), but n other cases it is 
reduced again, hy supprcs.sk 1, to three (e.y. the 
Oarvophyllaceous Paronyehk ffcac). At the end 
of the series, accordingly, flowers occur with a 
structure apparently similar to those at the begin- 
ning ; but in tin* reduced flowers one may often 
distinguish traces of the suppressed whorls, which 
are not in any way represented in the more 
simple, tricyclic types. 

Family Chenopodiaceae. — Flowers 
usually without brauteoles, with a 
single calyeoid fkiugoxe ; andreecium 

HAPLOSTEMONOUS, K PI PET A LOUS ; ovary 

two- to five-merous, with one ovule. 
Fruit generally a nut (Fig. 490). 

The Chenopodiaceae are herhs and 
small woody plants, with scattered, often 
fleshy, leaves, and greenish inflorescences 
of small, clustered flowers. The flowers are often unisexual in con- 
sequence of suppression. The nutlets are filled with a mealy albumen. 

CVttfnoporftttm, Goose foot or Pigweed, hermaphrodite, with greenish, and after 
flowering, dry jierianth ; Blitum , with succulent perianth when the fruit is ripe ; 



Kl«. 490. — «, Flower of Rrfn culgncin : 

Kyim»elum of nivtti- 

jMum, with part of wall or ovary 
wnovwl ; *\ whm I of lift u vulgaris 
(After Voi.ckkxh in A’a turl. I flan • 
tenftmilfcn, magnified.) 
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A trip lex, Orache, monoecious, with naked female flowers : Beta* Beet, epigvnons ; 
tipinacia, Spinach, dioecious, the perl. .nth hardening during the ripening of the 
fmit and ad liering to the nut. 

Geographical Distribution. — The Chrnnfnidutcear are for the most part 


saline plants, and chiefly occur near 
the ocean or in deserts and steppes. 
In such situations they are usually 
developed as succulent and not in- 
frequently prickly herbs or woody 
plants. The most important culti- 
vated species of this family are the 
Spinach, Spi nacin olcraern , and the 
different varieties of the common 
Beet, Beta vu/yaris, of which the 
most important is the Sugar-Beet, 
}}, aftism'ma. Beta ru/ynris 1ms it- 
self probably been derived by culture 
from B. mar it nil a , growing wild on 


n 



Ku. 41 * 1 . — ih-vnuu- «»f Hi- Oiryyhylhu'*-' 4 , 
rimi»r<o, lttti*ral wall* \ti «** **’ 1 1 in tin* .owei' twot »*f 
the wary ; It. > * ><■ , Uu«*rnl wall* Absent. (After 
Kicui.ru.> 


the coast of the Mediterranean. 

Officinal. — Beta ruJyoeis var. rapa yields ea 
podium ambrosioidfis (an annual herb from tropical 


ne-sugar. S trciiAiii'M. Cheno- 
Aniertca, cultivated in Europe) 


yields Hkriia Chknupomi. . . ., 

Family Amarantaceae.-- Flowers with t w> large bueteole*. and dry, *<ftrn lngb ) 
coloured, perigonc ; in other respects rest lubliug the preceding bunilv , J martin a*. 

Family Caryophyllaeeae. —Flowers with calyx and nmoLLA, the 




by 
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reduction, h&ploatemonous. Ovary rarely with only one ovule, more 
frequently^™ numerous ovules. Fruit usually a capsule (Figs. 
491 - 493 ), 

The Caryophi/llaceae are herbs, rarely shrubs, of varied appearance. 

They have opposite, entire, 
frequently narrow leaves 
and dichasial inflorescences. 
The flowers in some genera 
are small and of a greenish 
colour, but are usually pro- 
vided with a white or 
brightly - coloured corolla, 
and are frequently large 
and conspicuous. In many 
cases all the floral whorls 
are pentamerous, but com- 
monly the gynoecium is two- 
to three-merous. The cap- 
sules split at the apex into 
valves or teeth ; in a few 
cases the fruit is a nut or 
berry. 

Sr b- Families am* Kkpuk- 
s k s ta ti v e Genera . — ( 1 ) A hi no - 
idcar : calyx polysepalnus : petals 
with short claws ; fruit a cap- 
sule. (Jrra sfin ui , ('hick weed, 

Mowers entirely pentamerous. 
Spin jit fa, Spurrey, and Stella rfa, 
Starwort or Stitohwort, with tri- 
lnerous ovaries anil cleft petals. 
Km. 4t>y.- -AynitlrimiHt (iifh<ntu ($ nut. /'o/v>\or.v A/cnaiia, Sand not t, distin- 

guished from Ski lor in hy its 
entire, petals. (2) Pnnmychioiikar : calyx polysepalous ; corolla wanting or re- 
duced; ovary with one ovule; fruit a nut. Sr ic ninth ns, Knawel ; Jlrrniaria. 
(JJ) S He no idea e : calyx gamosopalotts ; petals with long claws; fruit a capsule. 
Lychnis, Campion, with pentamerous ovary ; Silent, with trimerous ovary and six- 
toothed capsule. Dfanthus, Pink, with trimerous ovary and four-toothed capsule. 
The flowers of this group often have ligular appendages to the petals at the throat 
of the corolla. 

Gko<hiai*jhh;'ai, Distribution. — The 1'aryophplluceae are cosmopolitan in 
their geographical range, but they prefer the temperate and colder zones, where 
they aroj’epreaeuted by numerous species growing in the most varied situations. 

Poisonous. — A grout annul Git ha go. Corn - ( ‘ockle Fig. 498), a hairy weed, 
reaching a height of 80 cm., common in grain-fields, with narrow leaves, violet - 
oolourai flowers, and many - seeded capsules. The seeds when abundantly 
mixed with the grain give the flour toxic properties. Soponaria ojh'rinolis, the 
common Soap wort or Bouncing Bet, a stout perennial with clustered, rose-coloured 
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flower*. The saponin contained i &U jnut« of the plant render* it eomowliat 
{xtiaonoua. 

On itlXA i .. -"'HemitirM <Mrn ami hirttUtt. Hfjuba Hkuniakjak, 


Order 5 . Folyaarpicae 

Flowers hypogynous or perigvnous, hermaplmxlio,, partly o* 
wholly spj ha I*, with ntmkkoi> stamens and frkk oakphls ; seen Is with 
endosperm. 

This ord<»;* comprises herl* and woody plants of very different 



Kn.. 4*14. -* fr'i< a.-i >.j >*. Of nam*- «*nt through lo»»«)iUnUimU> ; ma^thitlnl. 

(AU**r LUiliov > 

appearance, their relationship being only revealed by the structure of 
the flowers. The U|k; is most accurately represented in such forms as 
have at least an acyclic andrmciuui and gyn<»-eium, with numerous 
stamens and carpels inserted on a convex axis (Fig. 41M). Flowers 



Fn«. 4 W*. -Fl<*ul of /&m». . , 1 , iwww.«i, /f* A'/'W* 

i , A^nttnut HHjirJlur. Ik A>i» ilfpi’i > nlff/t/it, h, Ci Mm* I/ m go rttfemmiu , KtCftl.**. ) 

constructed in this manner are the rule in the Hamnntfomit, Magnoluimv;, 
and Jnoiwwh ?. These three large families form a central group 
about which the families with flowers less typically developed may 
be arranged. The most uniform characteristic of the whole order is 
the apocar[>ous gymecium, although in the Xympfaunrm*, in some 
Banuncukeent \ and also in the Ijx ammr % the systematic position of 
which is somewhat uncertain, the carjd* are more or less united. 

2 k 
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The convex flower-axis, the spiral arrangement of the parts, the 
numerous stamens, are usual, a less constant, characteristics of this 
order. There are included in the Pol year pietu\ as is frequently the 



Fio. WO. ~IUi nujxmln.* ( j nut . ni/-. ) fvt- W- -A tmwnr hdmtUh' (| u»t. aiv. ) 

l‘o iso sol's. I'nimstn*. 


case in other orders, isolated groups which do not exhibit a single one 
of the distinctive characteristics of the order, but which, nevertheless, 
show such marked affinity to other undoubtedly typical groups, that 
they must be regarded as belonging to the same general alliance. 
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The order in Vjrhieh the different families are named is not intended to be 
indicative pf their relative position with regard to each other, in an ascending 
series. Linked to the Ranunculaceae , on the one side, are the Nymphaeaceae 
and Ceratophyllaceae, and on the other the Magnoliaceae and allied families ; while 
the Berberidaccac , Afenispcrmaceac, and perhaps also the Lauraceae , form a separate 
subordinate alliance within the order. 


Family Ranuneulaeeae. — Flowers hypogynous, usually actino- 

morphic ; very rarely cyclic, usually 
acyclic throughout or so at least 
in the andrmcium and gynoecium ; 
perianth single or double, in the 
last case frequently with corol- 
laceous calyx and petals abnormally 
developed, most commonly as nec- 
taries ; stamens indefinite, USUALLY 
NUMEROUS ; pollen-grains with TWO 
To THREE PORKS; carpels in IN- 
DEFINITE, OFTEN LARGE, NUMBERS, 

usually free; seeds with albumen. 
Herbs, rarely woody plants, with 
alternate leaves WITHOUT OIL-GLANDS 

(Figs. 4!) 4-303). 

Most Itunnnculawae are medium - 
sized herbs, frequently with a radical 
rosette of deeply -lobed leaves and 
sparingly-leaved fertile shoots. The 
flowers are usually conspicuous, often 
solitary, and then terminal or axillary, 
or sometimes aggregated, in loose, 
and more rarely compact, racemose 
or cymose inflorescences. Insect - 
pollination is general, and has pro- 
duced corresponding adaptations to 
it in the Dowers, such as the bright 
colour of the perianth, or when it 
is reduced as in the species of That it- 
-itphurtu anyuiru*;*. 1 natural f rmn () f the androecium, and the 

development of nectaries (Fig. 503, 2). 
The nectaries are developed either 
as small depressions at the base of the petals ( Ifanmndus ), or the whole 
petal is transformed into a cup- shaped nectary ( lhUeborus , Aconihtm). 

The carpels of the Jtanunculaoar are converted at maturity into 
capsules (Hellelwrus, Aconitum , Fig. 504), or as in Itanunculux (Fig. 505) 
and A urmanf, into nutlets or achenes, frequently having long, feathery 
appendages (Ckmatis, Pulsatilla, Fig. 501), or, less frequently, into 
berries (Actaea, Hydrastis). 



Flu. MVJ 
W. 9 >. 
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KEtMiKsENTATlVE Geskra. — W ith CaM'I.Rs : Xigelta, earpeh* ayiicarpoua ; 
Paeon ia, Caltha, with eorotlaceous caly:; and no coroiU< ; Aguikgia (Columbine), 
flowers cyclic, with spurred petals; sienoitum v*ee under Poisonous); Delphinium 


Larkspur), flowers zygomnrphic, one 
sepal with long spur. With Nvvi.icts ; 
Panunculus ((Crowfoot, Puttcrcup), with 
green calyx and usually with yellow 
corolla, pet^la with nectaries ; Adonis, 
Anemone, with single ooroilaceous 
gone; Tkalictrum (Meadow- Hue), with 
small, greeni h perigom* and long sta- 
mens; Clematis, climbing plants with 
opposite leaves, flowers with single, 
enrol laceous perigone, 

(taoMlAI’Hh'Al. Dm'ltlBV *Tt»»s.- The 
Lnnuneular-a* are represented chi» fly in 
the North Temperate Zone. Many are 
favourite ornamental plants, especially 
different species of Paronia, * 7u«wf»\ 
Ayuih'tM, Xigdla, Adonis, »nd the 
« hristmasftose, Helleborus nigre. 

iVusoNofs. — The whole family i* 
which are so abundant in many spi*\ 
ous. Tin* follow ing m.iv he cited as t 
enlth'coe. 



Pi*.. w.i. -• I, >1<»w**r of A>'’ >uf»o« ; 2, 

noetaries, anulncchmi «u>l j^nortmn "f Um 
< Aft*tr WciwiiiUt.) 


extraordinarily lieli in t*».\ic principles, 
s is to render them dangerously jsuHon* 
he imst poisonous plant* of the Kanun- 


All the specie - of Aconitum. in particular A. Xa^fhts and L}/o^tn,nnn. 
The former Fig WO is u perennial plant with t niter*, one of which <lies in the 



autumn, while the other, as in the ".vAM„,v«e, gives rise to a new jfUnt in tlie 
succeeding apriug. The flowers are distinctly rygomorphio (Fig. 50d). One of the 
live dark violet sejials is lielmet-.sl,a|wd ; two or the petal. arc transformed into 
hood-shaned uecUrie* raised on long claws, while the other, are reduced to hla- 
mentoua rudiments; the uumemns sUmeus surround throe ai-oearpoo* carols, each 
of which produces a follicle at maturity. AeonUwm Lycodonum (Og. 49/) has 
smaller yellow flowers, and, instead of tubers, . slender rhiromc. A. mrUyatum 
and A. Slotrckcanum , allied to A. Xapdlus. are also extremely jensonon*. 

All the sjiecies of Dan uncut m arc also more or leas pii*mou*. H, eccUrtOu*, 
Celery-leaved Crowfoot, probably one of the most noxious •peie*, i* a glabrous herb 
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with tliree-lobed, somewhat fleshy leaves and small light yellow flowers (Fig. 500). 
The Tall Crowfeet or Buttercup, E. acris, is the frequent cause of poisoning in cattle. 



Fin. .Vo»*. — MHi'Mirnf'aijntn*. Flmverim? shoot. Kipe fruits dehiscing awl after the removal 
of one valve of the eujmule.- mw/.i. i/,. (After Hf.r<; ami ISchmipt.) 


It has a hairy stem, palmately divided leaves and bright yellow flowers. The Marsh 
Marigold, Caftha palustris (Fig. 4lWj, though less poisonous, is a source of danger 
to children on account of its frequency and attractive tlowers. lldleborus foci iff us, 



fc'lu. MIT.--Atjfrwf.im wnwefoifo, 
cut t lmmghlougitinlimiUy ; p, »nl; 
A, outer integument, inti*rnijit«l 


Bear's Foot (Fig. -J9t>), a large glabrous perennial, 
has puhuately divided leaves and yellowish green, 
somewhat hell-shaped, Mowers with numerous >ta- 
meiis and few carpels. The perianth consists of 
a large-leaved ealvx and conical honey-leaves ; the 
carpels when lipe become follicles. Both the Ureen 
Hellebore, //. riridi <, and the Christmas-Rose or 
Black Hellebore, II. najer (with reddish white 
Mowers), are also poisonous. Species of Adonis 
{t'.tj. A. i rrnalis), A h attune (in particular A. nemo- 
rosa, and even more at* A. Pulsatilla (Fig. 501), 
Clematis and Jhdphininm (especially l). Staphys- 
ayria) art 1 al*o poisonous, hut in a less degree. 

Officinal.— 'AconUum Xapcllus yields Tireka 


at e by the raphe ; »«, albumen ; 
n, emhyro (nat. 

\a t . ( After Bctto aid 8i kmiot, ) 


v. Kap. Avonhi and Fulum Ai/omti. Hydrastis 
canadensis (North America) yields Rhiz. s. Rad. 
Hydrastis and Hyduastimm. 


Family KagnolUoaM.— Flowers as in the Eanunculamte. hut the pollen-grains 
Have only onb okrm-pore. Woody plants w ith oil-cell*. Tropical and temperate 





BOTANY 


Asia and North America, Magnolia; JAriodendron , Tulip -tree. Officinal: 
F&uctus Anihfsteljuti from Illidum anisatum. The false star anise from 1. 
reliyiosditHB poisonous. 

Family tfyristioaceae (* 1 ).— Tropical forest-trees. Seeds provided with arillus 
(Figs. 506, SOT). Officinal : Myristica fragrms (Moluccas). The seed of the Nut- 
meg is Semen myjusticae, the oil from the seeds Olevm nucistae, the red dried 
arillus Mac is, and the oil from the mace Ole cm macidis. 


Lb 




Fio. .110. — Floral of 

l'rrmi . (After Eii hi.er.) 





rtc. 511.-- Flower of Cinna- 
Hwuuim ztyinnieuni, cut 
through loitKltuditmUy. 
«, Haeeptarle; ft, outer, 
mid <\ inner leave* of 
perigotte ; »/•(/, stamen* ; 
i, pi*tll ; k, ovule, (After 
Ue«h ami Schmidt, 
magnified.) 



Fio. iiiat'MuwMiiw :oi<Mirnn, A, Habit; I vegetative bwl. 

OrrtciSAU (After 1 'ax, in Sat . I’jlanze n Jamil it n .) 

Family Berberidaceae. — Flowers trinienms: perianth of several whorls. 
IttrUHs vutijaris. Officinal : Fodophyluntm from tl»e rhizome of Podophyllum 
pelt a turn (Fig. 608, North America). 

Family Manltparmaoeae.— Tropical climbers related to the preceding. Offi- 
cinal : Radix Columjio from Jatrorrhim pnlmata (East Africa, Fig. 509). 

Family L&ur&ee&e. — Flowers pkkk;ynous, cyc lic, consisting 
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throughout usually of trmerous whorls; perianth calycoid, small; 
stamens generally in focr whorls ; anthers with valves ; gynas- 
cium syncarpous ; ovary uuilocnkr, with a single suspended ovule ; 
seeds without albumen. Aromat.c, woody plants (Figs. 510-514). 
The majority of hinraciw are trees with elliptical, entire leaves 



i».. AfO-r Hkh«* mii <1 .VHMiirr.) 


and small inconspicuous flowers aggregated in heads or panicles 
The fruit is a berry or drupe, and is often surrounded at the bane by 
the |>ersi8tent receptacle. All parts of the plant contain, a* a rule, 
ethereal oil accumulated in special cells. 

Ueociiapuical DisrumrTio\ * To the Isturaemt taking many of the most 
important trees of the warmer countries of tath hemispheres; the order is almost 
wholly^ unrepresented in the Tern|M*rate Zone. Europe possesses hut one species, 
Laurux nob ih's, Sweet Hay i Mediterranean >, a small evergreen tree with white 
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flowers clustered in axillary, * pi tat* inflorescence*. The flowers, which aw 
dimerous, and hare bilocular anthers, produce a drupaceous fruit The only 
herbaceous genus is Vassytha, a widely distributed tropical group of parasites, 
resembling the Dodder in appearance and habit. 

Official. —The fruit, Fames Unu, o. laurus m*iUs(¥i$. 514) ; the bark 
and wood, Sassafras, of Sassafras ojici^aie (a diewkus, deciduous tree of North 
America) ; the gum, Camphoha, obtained from CinnamamunA Campham (Fig. 513) 
fan evergreen tree, native of China and Japan) ; the bark, Cortex Cirnakoh r, of 
Cinramomum Cassia (a shrub of Southern China), and of the Cinnamon tree, 
Ciumunomum ztylanicum fFigs. 511, 512) (Ceylon). 

Family Kymph a aao o ao. —Flowers hermaphrodite, liypogynous or cplgynous, 
actinomorphic, with calyx and corolla, cyclic, or exclusive 
of the [terianth, /cyclic; andrrmum and gynoecium 
usually POLYMELOl’S ; carj*el» apocarpous or ayucar)K>ua. 

W A TK It * 1* LASTS, t* 81* ALLY WITH LAItUE FLOATING LEAVE* 

I Figs. 515, 510). 

In Kurojx*, Xyt.iphati* with inferior, Xu^Aar with 
superior ovary. In cdtivatioc, Victoria reyia (Equatorial 
South America), Xeluinbiumsprciasum, Lotus of the Indians, 

Xfiini’hora vorrutca, Ix>tus of the Egyptians. 

Family CeratopbylUceae —Flowers small and greenish, Vux 
" itl* jxdyiiicrous ja*rigone, numerous stamens inserted Kton»l diagram, 

upon a convex rccepta* l« , and one carpel. Fruit » uut. 

A small family <>f submerged water-plants. One genus with three species. 



Order 6. Rhoeadlnae 

Flowers hypogynous, hermaphrodite, predominantly idMKUot’K. 
l'ciianth consisting of three two- or four inerous whorls ; undnecium 
of two two-merous whorls; gyn avium dimerous, syncarpous ; ovary 
I'MMKTLVii, with PAIUKTAI. Herbs with alternate, simple 

leaves without stipules. 

The Iihaf ad inrae constitute in themselves a natural, sharply defined 
order, and exhibit no marked affinity to other groujw. The ty(>e of 
the order is best represented by the genus Ihjj^naim, in which the 
flowers are constructed throughout of simple dimerous whorls. In the 
largest families of the order, the < 'rurift nn and i^iqutridturav, the corolla 
is tetramcruus, alternating with the two decussate whorls of the calyx. 
It is often assumed, but without confirmatory evidence, that in such 
cases the four petals are derived by duplication from a dimerous 
corolla. The greatest variation is shown by the andro cium, which, in 
consequence of the multiplication of its members, or more rarely of the 
whorls, frequently consists of more than four stamens. Even in such 
cases the derivation from the typical structure is generally recognisable. 
In the CajrpnridtioM, the successive processes in the evolution of the 
andnecium are particularly apparent ; in this family, all transitions 
occur from a 2 2-merous and r cerium to one that has become polymerous 
by repeated splitting ; a reduction of the audreecium to one whorl i« 
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Flo. 517. — Crticifrrae, Floral 
diagram 


also exbibiteddby some members of the family. The gynoecium usually 
remains Amerous ; a multiplication of its carpels has taken place only 
in a few cases ( Papaver ). 

Family Crueiferae. — Flowers actinomorphic ; calyx of two 

TWO-MEROUS WHORLS; corolla TETIi AMEROUS ; 
androecium consisting of an outer whorl of 
TWO short stamens and an inner of four 

MPi \ long STAMENS DISPOSED IN PAIRS; gynoecium 

\ \JJ j$W always dimerous ; ovary divided by false dik- 

sepiments into two loculi. Fruit rarely 
indehiscent, usually a capsule ; seeds without 
ENDOSPERM ; crnbyro curved (Figs, ;“> 17-522). 

The Crueiferae are glabrous or hispid herbs 
(rarely small shrubs) with entire, toothed or 
lobed 1 wives. The white or yellow flowers, rarely red or violet, are 
generally small and aggregated into racemes, usually without bracts 
and bracteoles. The flowers of the inflorescences 
develop so gradually in acropetal succession, that 
frequently the ripe fruit is already produced at 
the Ikiso of the raceme while the apex of the 
axis with its undeveloped buds is still in process 
of elongation (e.g. Capaclln humt jiustaris ). Although 
the colour of the petals, and also the nectaries 
at the base of the stamens, undoubtedly represent 
an attractive apparatus for insects, self-pollination 
is of frequent, occurrence in this order. The cap- 
sules (Fig. » r >19) are either much longer than 
broad, and are then distinguished as muqu.i;, or 
they have the form of short and broad siucul.e. 

Indehiscent fruits occur less frequently. They 
are often lomciitaccous ip character and septated 
transversely by false partition-walls, breaking when 
ripe into a corresponding number of segments. 

A fruit of this nature is termed a jointed silkjua. The two forms of 
fruit, dehiscent and indehiscent, do not differ essentially in structure: 
both are sometimes borne by the same plant. Many Cruet femt contain a 
pungent, nitrogenous or sulphurous ethereal oil, which exists in an 
uncombined state in the vegetative organs (e.g. Horse -liadish), but 
in the seeds (e.g. Mustard seeds) it is combined, occurring in com- 
bination as a glucoside, from which it is freed by the presence of water 
or the action of an ensyme (eg. Mustard seeds, iff. under Officinal). 



-1 •ittfnmittr pi 
tfnsifi. Flower with 
ah t )i 1'iiiovf ' 
(After Hah los , > 4.) 


The division of the UruH/mw into sub- families present* great difficulties. 
The old classification proposed by Lixnjeis is now regarded as loo artificial. 
According to the nature of the fruit, l.inwvu* first distinguished the two groups 
Siliqmme and Siiicufome : these he further divided into Siliqu*'*ie dthiscentss, 
with normal atliqna*, «SV/iy **>##»« lommtacatr, with jointed siliqu*’, SiUruhwe 
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de h weenies, with si lieu lie, And &tieutosne nneamentaeme, with iudehiacent fruits. 
The Siliculomt dehisccntes were afterwards divided by A* P. I*K CaNIkille into 
*V. latiseptar, with broad, and S. anffAstisfpUu', with narrow dissent meuta. 

Another clarification frequently em]dr<\d at the present time is that of !*• 



Flu. Mi*. — ( fruit*. A , I'hitninthu* c^rh > . h. I /<< */«♦«»< . * , • -r^uHit Ihumi iwtwi* ; 

b, iMmu.n hu'miiit, rfhovi! :. the septum after th** earpt'h lw\c Inllcii away. h\ Crtnutie amri- 

!**»/*. ( Alt* )- Baiu<* 0 


Can 1 * 0 kj, i, based **n the position assumed by tin* embryo within the seed* (1) 

Xut'u rh imiv : cotyledons fiat, with the radicle lying on the surface of one of them ; 
diagram, _ Fig. 520, Ji), 2) Orthoplocctu : cotyledons folded, the radicle lying 
in the groove of one of them : diagram. >> Fig. 521', «fii I'burorrhiirne 



t-'ifi..Uo. ■Sf-'bitf* r»stfrt.tm\l acpi^ 

to show tli« radicle and cotylwloiiv 
A , Chrii"nthu M rhtiri ( x 8) ; /;. 

Sianfinbr-iH HI ffliinrift (X 7). (Alt»-| 
Ha u. u *5*. ) 


Fi»*, .'»ji.».Triiii«ve|»e Action of the *n*««d 
of Hiwuitnt ntfjro. /to/, radicle; >’ot, 
cotyledons ; pros, vascular bundles, 
(After Mom rn.) 




radicle lateral to the two cotyledons; diagram. ’ ’} — ^Fig. 520, A), (4) Spiro- 

lobeae : cotyledons spirally rolled ; diagram, . (5; JSpkrMohme ; cotyledons 

doubly folded ; diagram, C!! !:: . Piusri. has lately adopted a more natural 
classification, in which different organs (stigma, nectaries, dissepiments, hairs) are 
taken into consideration. The old classification of Lixsjeth ami he C.vnuou.k 
has been used on account of its greater convenience. 

Rki'KKskntative Gkxera. (1) SiUquvmt dehiscenit* : Car dot mine (Hitter 
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Cress), with elastic valves ; Arabia (Rock Cress) ; iarbarca (Winter Cress) ; Nas- 
turiium, ip^ome caseSwith short siliqupe ; Chciranthus (Wall-flower); Matthiold 

(Stock) ; Sisymbrium (Hedge- 
Mustard); Erysimum (Treacle- 
Mustard) ; Brassica ; Sinapis 
(Mustard). (2) Siliquosae lo- 
mentaceae : Crambe (Kale), 
Cakilc (Sea Rocket), both 
strand plants ; JRaphanus, 
the siliqua of the Garden 
Radish, E. sativus , is spongy, 
not dividing into segments 
when ripe. (3) Silieu- 
losae dehiscentes latiseptae : 
Cochlmria ; Draba (Whitlow 
Grass), siliculre lanceolate, 
somewhat compressed ; Ah/s- 
sum; Lunafia (Honesty), 
siliculae very broad and flat, 
with long stalks ; Camel hut 
(False Flax). (4) Siliculosac 
deh isccn tes anyustiseptue : 
Thlaspi (Penny Cress), sili- 
cuhe flat, circular or cordate ; 
Ibcris (Candytuft), the ra- 
cemes are corymbose, with 
marginal flowers slightly zygo- 
morphie; Capsella (Shepherd’s 
Purse), silicuhe triangular ; 
Lcpidium (Pepper wort). (5) 
Siliculosac nucamentaccac : 
hat is (Woad). 

Geographical Di.STUIJU'- 
tiox. — T he Cruciferae are 
chiefly found in the North 
Temperate Zone, growing in 
the most varied situations. 
Ct’LTIVATEl) SPECIES of this 
order are : Brassica olcracca , 
KIO. m-lMUMWa 11 "‘ Cabbage, in numerous 

(Alter Bailuuc.) varieties; the primitive form 

grows wild along the coast of 
Western Europe ; Brassica Xapus var. oki/cra, Rape ; var. Xapobrassica , Turnip 
Cabbage ; Brassica Eapa , Turnip ; var. tdcifera, Colza ; B. nigra , Black Mustard ; 
Sinn pis alba, White Mustard ; Lcpidium sativum, Garden Cress ; Nasturtium off* ci - 
mhf Water Cress ; Cochlmria A rmoracia. Horse-Radish; Baphanus sa finis, Garden- 
Radish ; Camelina saliva, Oil-seed or False Flax. 

Officinal. - Brassica nigra, the Black Mustard, yields Semen Sinapis and 
OtftrM Sin aims. Sinapis allm, the White Mustard, yields Semen Ekucak. 
Herb a Cochlea it iar is ohtaiued from the herWeous parts of Cochtcaria ojfieinalis. 
Scurvy Grass (Fig. 522), a glabrous herb growing wild on the sea-coast, bearing 
white flowers and globose siliculse. 
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Cappsridaosae. — FWers usually /vgosiokphic ; ovaey #tai.k&d. 
Herbs and shrubs of the warmer roues. The flower-buds of €app* Hi qrinom, a 
Mediterranean .hrul>, are familiar as caff, us (Fig. & 23 ). 

Family Fumariaeeaa — Flowers transversely rYGOMORpmc ; 
calyx dimerous; corolla of two dimerous whorls ; andrcecium 
usually consisting of two tri parti te stamens ; gynceeium dimerous ; 
SEEDS WITH KNIXMSPERJM (Fig. 524). 

The plants included in this family ave glabrous, often glaucous 



Flu. n/tjuiri? x/nn'tM”. 1, KI<>W**n?ti{ ijMIH’h 

■J, fruit ; t In* saiim- m traii*.v* r>». motion. 
(AfO*r Wohsuilo.) 



Ft*;. W4. i »rtrthtli* tturtK, |*nit 
of axt** of nu'tun*' with h tt»mv» ; 
h Atttl (Vj.) 



Fio. W.V-- Flora 1 <llAgr«iu of 
nhiHcitm. (Aftrr Ki< iii.kr* ) 


herbs with divided leaves. The flowers are disposed in racemose 
inflorescences, with Wh subtending bracts and bracteoles, or in 
some cases with bracts only. One of the two outer jfolals and 
sometimes both are prolonged into a spur (f.y. Fumnrvt, (Jorydalu). 
The ANDlUEtTUM of JJt/pccoum consists of 2 + 2 stamens. The other 
genera have two tripartite stamens inserted op|K)site the outer [totals ; 
the central filament of each group l>ears a jierfect anther, the two 
Lateral filaments only half an anther each (Fig. 524, t). The modi- 
fication from the normal type exhibited in such amtaech is due to 
splitting and displacement of the stamens. The two lateral filaments, 
with their bilocular anthers, represent distinct halves of the inner 
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stamens, that ^have become adherent to the stamens of the outer 
whorl. ' 

The majority of this small family are natives of the North Temperate Zone. 
IHcentra spectabilis, with a two -spurred corolla, is a well-known ornamental 
plant. 

Family Papaveraceae.— Flowers actinomorphic; calyx dimerous; 
COROLLA CONSISTING OF TWO DIMEROUS WHORLS; androecium POLY- 

MBROUS ; pistil TWO- TO SIXTEEN- 
MEROUS ; SEEDS WITH ENDOSPERM. 

Herbaceous plants with stiff hairs 
and latex vessels containing a 
white, more rarely a yellow, orange 
or red latex (Figs. 525, 526). 

The flowers are usually large 
and beautifully coloured, either 
solitary or clustered. The fruit 
is always a many-seeded capsule, 
sometimes resembling the pods of 
the Cruciferac , but without false 
dissepiments. 

Ah examples of this family may he 
cited Chclidonium (Celandine), with 
orange-coloured latex and siliquose fruit ; 
Papaver (Poppy), with white latex. In 
this last -named genus the fruit is an 
incompletely septated, polynierous cap- 
sule, opening at maturity by valves .just 
below the rayed stigma. 

(tKouiiAFHicAi. Distribution.—' T he 
Pupaveraeeae constitute a small family 
restricted almost entirely to the North 
Temperate Zone. 

Pol si >n< >rs. — Pa paver sottmiferu m 
(Opium Poppy) contains in all its organs 
a poisonous, milky latex. It is an annual 
herb with glabrous, somewhat glaucous 
stems and leaves, and is cultivated for 
the sake of the oil accumulated in the 
seeds, also for the latex obtained from 
the unripe capsules ; the latex, on hardening, constitutes opium. The leaves are 
sessile, irregularly incised and toothed. The flowers are solitary, borne ujum 
a long stalk with bristly hairs (Fig. 520). They are nodding while in the bud, 
but become afterwards erect ; they have a fugacious calyx and white or violet 
petals with crumpled activation. The fruit is a broad capsule more than 6 cm. 
in length, enclosing numerous rcuiforni seeds of a white or violet colour. Other 
species of Pitpaveraceae are also toxic, hut in a less degree. 

Officinal. — Papartr wmmfcruin, yielding Furms Papaveris immature 



Kin. &‘2Ci. — JlijMtrrr vwinijtnm (| iihL si/e). 
Poisoxotn and OrrtctSAi - 
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Semen Papave jus, Oleum Papavkuis, Opium, and Moxtra unfit. i%r>tvr 
yields Flos Rhoeados. 

Family Ressdaesae. -Flowers zygom*^pmic, perianth consisting of two- to eight- 
merous whorls; petals deeply frlngeu. Sexual organ* usually bo&xe upon a 
oynopboiie; stamens three to forty ; carpels two to six, fuse ok united, forming 
a unilocular ovAiir open at the ai*fx. Jk$e*U hdwla(f) >j«r’s Ward), A*. Ivtca 
(Base Rocket), if. odorata (Mignonette). 4 >r ; 

There is considerable uncertainty as regards the systematic position ftf the 
plants included in the family Jirsedatear ; they are oon.siupred to i># allied to Utn 
Capita rultt n-nc. * . ,y 


^ Order 7. CistMorae ^ v 

Flowers hypogynous, generally aetinomurpluc and Jwmnphrodito. 
Calyx imbricated in the bud; the whorl of the jieriaftth And arnltxecium 
typically* pentamcrous, hut die audrcecinm often poi.VMKKora by the 
division of the stamens ; gym echini usually three- to tive-merous, ami 
syncarpous; ovaiiy rNlLOCTLAK, with parietal placenta*, less frequently 
mult i locular ; ovules for tiie most part ana- 
trojams ; embryo usually straight : leaves 
simple, usually alternate. 

The Cigfitini v form a somewhat artificial 
order; they comprise families which, in i w/ ¥u 

most, cases, have been previously assigned /I | f o'bl 1 

to different systematic positions. The \ / 

flowers exhibit the regular Dicotyledonous Sjlt 

type or a modification of it, resulting from 
the division or suppression of sonic of their 
juirts, but without at the same time show- 

iug anv uniformly occurring characteristics H *‘ ^ TW1 ' 

of general significance. J here is. moreover, iAi»*r mea.) 
in this order no pmkHSLnnnt type about - „ 

which the less distinctive forms may be groujied. Many of the CM- 
flora* show an affinity to tie* Ionian a* , and through thct| to the 
Uhonnlhmt . others, in {Articular the T* rmUwtuiiowt, to the (bln anti 
fans , and some are allied to the Vasttflorini n% 

Family Cistacoao. — Flowers actinomorphiY, with N Of Kitovs 
stamens ; gvnmcium three- to live merous ; ovary usually unilocular, 
with parietal placenta*; style simple; ovi lk Amorous; fruit a 
capsule; seeds with endospenn ; embryo curved ; small woody plants; 
more rarely herbs, with simple leaves (Figs. 527, 528), IfdianfhtmuM. 

Family Violaceae( 3 -). — Flowers uctinotnorphic,or more KUKQVKETLY 
ZYGoMOHPHir ; stamens five; ovary unilocular, with parietal placenta*, 
STYLE SIMPLE ; seeds albuminous, with straight embryo (Bigs. 529, 550). 

The family includes herbs. *hriib*, and tree*, frequently with Wvea having 
large stipules ; it is represented, though not by a large number of genera, tti all 
zones. Viola, the Violet, Fawy or Heart Vea*?. has always axillary, zygomorphfe 


/ 000 o< 

kfYl 


* V. 7.- Floral *U»tfrniu <»f pith * 
anihmHtnu rt'L/arr. (c. > 

Fo iu.eb.) 
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Bowers witlr^he anterior petal prolonged into a hollow spur enclosing spur-like 
nectarial appendages of the two lower stamens (Fig. 530, B, nt ). Many species of 
Viola t in addition to the conspicuous Sowers provided with nectaries and adapted 
to insect- pollination, hear cleistogamous Sowers which contain no honey and are 
self-pollinated (cf. p. 284). The entomophilous flowers, although so well equipped, 



I'm. MSP.— Floral diagram of Fin. bW. — Vittln A, Entire pint it (minced); 11, a 

I’M** Htainrn, enlaced; i\ £Y»m*<*imii, enlarged; />, transverse 

mlioii of ov*ry ; A, fruit (nnt. size). - Orr/rrsAt. 


are very often sterile. Many forms are in cultivation derived hy crossing from 
several species ( T. allaica, V. tricolor , /". Ultra , etc.). 

Officinal.— Hkrba Yiolax tricolors is obtained from Viola tricolor. 

Family Hypericaceae. — Flowers aetinomorphic, stamens three or 
five, DEEPLY DIVIDED into numerous BRANCHES; ovary unilocular or 
mukilocular, with parietal placenta? and free styles ; seeds without 
ENDOSPERM. LEAVES OPPOSITE, DOTTED WITH OILS', LANDS (Fig. 531). 


PHASER0GAM1A 


m 


Members of this family are found widely distributed in both the temperate and 
warmer rones. Many species of Iftyuirirur' the common St .fohnVwort, 
Jf. perforatum } are common wayside wer-K 


n* 



Family Droaeraceae. Insectivorous plants f . p. *fl 4, Fig. 180'. Jtnwra on 
moors. 

Family Cluaiaoeae. Tropical trees with gum-resin canals. 

O K : hl N a 1 .. The dried gum- resin from Gttreinm hanhu rpi (Hast Indies). 



Fto. 532 . —Thm chinrnfiis. Flowering hmurh ; 2 . flower eat through hmjtitwHnaUy ; 

3. fr«ut ; 4, te-*d. (Af‘er WtiMIOjU*.) 

>?: 

Family Tornatroomiacaa#. - -Evergreen woody plants, Camellia japonic#* 
Officinal. — The a chtnmxiH (fig. &J2), a shrub cultivated in China and tha 
East Indies, yields tea, Folia Theak. 

Family Tamaricacaae. ~ My rim rut, Tamari r. 

Family Diptaroearpaeaaa. Officinal.— Shore* Wicsmri, an East Indian tree, 
provides Resina Dam mail 
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Order 8. Passifiorinae 


Flowers actinomorpliic, 



mostly perigynous or epigynous ; gynoecium 
trimerous ; ovary unilocular, with parietal 

PLACENTAS. 

Family Passifloraceae. — Climbing plants with 
large flowers ; the flowers are complicated in struc- 
ture owing to outgrowths of the axis (corona, disc) 
(Fig. 533), Passifiora, Passion flower from South 
America. 

Family C&ric&ceae. — Carica papaya (Papaw) 
contains a pcptonising ferment (papayotin) in its 
latex. 

Family Begoniace&e. — Herbs with oblique, 
heart-shaped leaves. Flowers unisexual. Ovary 
inferior. Tropical. Many species of Begonia are 
Cultivated. 

Order 9. Opuntinae 

With the single family Cactaceae ( :a ). — Flowers- 
epigynous, actinomorpliic, hermaphrodite; perianth 
and andrmcimn acyclic ; gyneecium consisting of 
a LARGE, INDEFINITE NUMBER OF CARPELS; Ovary 

■ unilocular, with many parietal placenta;; 
ovules with long funiculi ; fruit a berry. Herba- 
ceous and woody plants, with fleshy axes and 
usually REDUCED, THORN -Ll KK LEAVES < Figs. 28, 534). 

In many Cactaccar [c.g. M<t- 
7«/7/iM^)thea8.siinilatory vege 
tative system is reduced t«> an 
angular, cylindrical, or spheri- 
cal axis, entirely destitute of 
foliage- leaves ; in other (htefu- 
i vac, again, the assimilaton 
organs are represented by a 
system of branching axes 
which may be prismatic (CVv 
fan) or flattened, either band - 
sbajnxl (A)i iphyfhnu, Fig. 534 
or ovate {Upuntia, Fig. 28;. 

The eUistois of spines occur- 
ring on the axes represent in 
most cases reduced leaves. 

Pbirfskitf. is the only genus 
possessing well-developed foli- 
age- leaves. 

Peculiar as the general ap- 
pearance of the Cactaceae is, 

it is not distinctively characteristic of ibis family alone, as some of the Euphor- 
bia cent and Asclrpiatiactae possess a similar habit. 


Fl<». 5XL - I'uss iflniii hni fit i !< 

1 **« rt ot h flutter. I, S**]»nl* 
h ih'Uil ; corona ; if, <lis<* ; 
Kynophoro ; it, anthers; ijr, at he 
urns, nut. siz»\ (After IIakm ; - 
No l ml. I’ flu n zi ■ nji i m ilii’ii.) 



Fuj. 534.- Kpitififfllmn intiutUum, 2, Flower cut through 
longitutlinalh . (Nat. ui*e, after WossroLO.) 



8BCT. II 


PHANEROGAM! A 




Geographical Di*rftiBrao.'.~-T1t« large family of the CacJ<*teae U restricted 
to the warmer countries of America. Uk< most succulents, the plants of this 
group are typically xcrophilous, although they occasionally occur as epiphytes 
on the dry bark of trees in damp forests. Tiny attain their greatest development 
in the dry regions in the smith-western part of North America, where the columns 
of the Monument Cactu>, Ce.ru h ytynntfus, with t licit candelabra-] ike branches, 
tower 20 nt. high above the n*ked. rocky soil. Tl.cy »«*> osjsvially prevalent 
in the high tableOands of Mexico, and, exten iing almost to the snow dins, exhibit 
the most astonishing dwcisit/of form. One species, <>/»»* ? f >i*t ju:ut indict, with 
dihle berries, ha* craped from cultivation n t lie neighbourhood of the Medi- 
terranean. ami like the American Jww, has i*eoume ho common that it is now 
a characteristic plant of that region. It is on this plant that the Cochineal 
insect is ciiithat* 1. The (-Whimicare largely viiHi* ated as hot-hoo*" and window 
plants. 


Order 10. Columniferae 


Flowers hypogyuous, hermaphrodite, aetinomorphie, with vnlvnte 
calyx and pentnmenms perianth ; stamens usually MoNA1>KU*Jiol'K, 
although typically live in ip.imlmr, becoming inukfinitk by division ; 
carpels 2 r ; ovary syneai|n»us, mcptatk, eorreaponding to the 
numlxir of carpels. 

The andm ciuui, in particular, is characteristic of the f Wwwwf/Ww. 
In some forms ii is constructed, according to the Dicotyledonous type, 
of two pentamei oil* whorls ; but in the majority of (‘uses one whorl, 
usually the episepdous, is suppressed or replaced bv Hlutuinodiu, 
while the other, in eonsetpieiice of the division of the stamina! mdi- 
ments, consists of a larger number of members. In addition, the 
filaments of the stamens in most ColumnifrMr are united into a longer 
or shorter column, or, more appropriately described, into a tube, 
whose derivation from the five or Urn original 
rudiments is only recognisable after investiga- 
tion of its mode of development and a corn|wirison 
with allied forms. A division of the carpel*, 
similar to that of the stamens, is also of frequent 
occurrence in the gytuecium. 

Family Ttliaeeae*— Sepals hock; i’KTals 
VALYATK in the bud ; stamens usually numerous, 

3KKKK ; anthers tntkoksk, dithedous ; |*»llen* 
grains NOT spiny (Figs. 535, 536). 

The Til'uwu are for the most part woody 
plants, with toothed or lotied stipulate leaves. 

The flowers, which are adapted to insect -pollination, are united in 
clusters, and produce a dry capsule or an indebiscent fruit. 



diw^mtu ('Hit* 
Kicmijmi.) 


The andwdwn consists in Home Kjwcb-ft of two {h* numerous whorls, thu« 
representing the primitive tyjw fr.*m which the more complicated sndrmeU of 
other forms have developed. Sometimes by the suppression of one whorl, cither 
the epijtftalous or the episcpalous, the number of suraan* is rodu ed Us five, or, in 

2 M 
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other instances, one whorl is represented by staminodia. In most cases, however, 
the number *6f stamens is indefinite in consequence of a division of the staminal 
rudiihelHs extending to their very base, the stamens being grouped correspondingly 



Kin. 5311,— 7*i7/»r nhnifoJin. . 1 , hifloivscmec (h), with h> psopliyll h (nut. siz<»)- I-oii^itiKiinal 
section of fruit (itmgn»lle«l); »*. pericarp; />, at r<»|»l>ic*il dissepiment ami ovule; >/, seed ; r, 
cndoM]>crm ; *, embryo ; t, its radicle.-- offh lsai .. (After IJkku ami Schmidt.) 


in cither five or ten bundles. In some forms they are united at the base, just as 
in the Mitlmcme, but the antlru eia of the Titiuccur are always distinguishable by 
their dithecious, introrse anthers and smoother ]»olleu-grains. The stamens in 
some species, again, are in part transformed into petaloid 
staminodia (<*.«/. Titia tomentosa). 

This family, which is chiefly tropical, is represented 
in northern regions only by the genus Tilia t variously 
known under the name of Linden, Basswood, or Lime- 
tree. Lime-trees have two- ranked leaves with small 
. stipules, ami flowers aggregated in a cyiuose umbel. The 
K»o. (.37.— stercuUoeeat. slender stalk of each inflorescence is adnate to an elon- 
Horsl dlajrraui (Thro- hypsophvll. differing from the foliage-leaves (Fig. 

iromo . n hhi.f.b. 53 ^ ^ ot j, j n yellowish colour and shape. The numer- 
ous stamens are developed from five episepalous rudiments, and in older flowers 
are distinctly grouped in five bundles. The ovary is hairy, contains two ovules 
in each of the five loculi, and ri|»ens into an iudehiscent fruit with a single endo- 
spertnous seed. Tilia uhni folia (— parrifolia) has five- to uine-flowered inflores- 
cences and heart-shaped leaves, which are beset on the under side, in the angles of 
the nerves, with brown tufts of hair, but other* ise are glabrous ; the large-leafed 
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Limlea, 7\ plaiypkpUu* (- T, yumdifoUa) i has loaves hairy on the under surface, 
and three- to five-towered inflorescences The towers of T. have five 

white stamioodia resembling the jietal*. 

Officikal. Both Tiiia irJmi/aiui an 1 phJttphpffH*. yielding Furnas Timar. 
Family Storculiacaae. —Flowers often apetaom* ; calyx tuiio&KrALor* ; petals 



ruNToitTKii : stamens tiMirlly noi vkhy m \ikk«i % moimdelphou* ; anther* 
i:xti:mrsk, tin ; i»ol)cti-gr.«ins not ->! f ««n spiny ■ Fig*. . 

The androcimn of this family, unlike iliat «*f the 7V//«m*c, in ulwa)* nn»n 
adeljilious. It resembles in this resjNft the 
andneeium of the Muliutcrne^ from which, 
although sometimes* only distinguishable by 
the dithecious anthers, it differs in ha iiig, 
as a rule, a much smaller number of stamens. 

The episepalou* stamens are never fertile, hut 
are either staminodial or suppressed. 

The Stcrcu1i*t*:iar are almost exclusively 
confined to the Tropics, w here they are con- 
stantly met with either as herbaceous plants, * ,<J - Tk**4*rw '««««. Flower It* 
shrubs, Hanes, or trees, often Waring flowers JIT?**!' (After 

of a peculiar and unusual form. The only 

plant in this group of value toman is the Gteao-tree, Thtdtrvma (Uirrnt, a small tree, 
originally native of Mexico, hut now < uhivated in all tropica) countries. The 
small flowers are red in colour, an 1 spring from the cortex of the stem and older 
branches. The fruit, w hich is about the size of a small cucumber, ami of red or 
orange colour, has a hard longitudinally-ribbed wall, and contain numerous disc- 
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shaped seeds embedded within its juicy flesh. After fermentation, when roasted 
and ground, chocolate and cacao are obtained from the seeds. 

Officinal. — The seeds of Theobroma Cacao , yielding Cocoa-butter, Oleum 
Cacao. Kola nuts, Semen Colae, which have 
recently been recommended for their medicinal quali- 
ties, are derived from Kola vera and acuminata ( West 
Africa). 

Family Malvaceae. — Calyx gamosepal- 

ors; PETALS CONTORTED IN THE BCD; 
stamens numerous, monadklphous; anthers 
EXTUORSE, MONOTHECiors ; pollen - grains 
spiny (Figs. 541-544). 

The Malvaceae are herbaceous or woody 
plants, abounding in mucilage, and usually, 
at least in their early growth, covered with 
matted woolly hair. The leaves are pal- 
mately nerved and frequently palmately 
lobed. The funnel or bell-shaped flowers 
are entomophi lous, generally large and beauti- 
fully coloured. They are either solitary and 
axillary, or grouped in terminal inflorescences, 
and are often provided with Am involucre 
or epiealyx, formed of three or more brac- 
teoles. The petals are slightly united at the 
base. The. numerous monotheeious stamens 
are formed as the result of a splitting of 
the epipetalous whorl, which in this case 
extends to the anthers, while the epi sepal ous 
whorl is either entirely suppressed or re- 
presented by tooth-like staminodia attached 
to the top of the staminal tube. The gy murium is often multiear- 
pellarv, and gives rise to a capsule or schizocarp. 



Km. r*4t». Fruit of ThtHhnw* 
i imw, with u portion of th*» 
|H«rinii*p iwnovwt (J iuiL m^). 

tirrtvix.il., (After Brim ami 
Hemmrr.) 


Rei’HKmi;nt.\tivk Sr h-Kamii.iw*. < 1 ) Afafreae t with schizoearpous fruit, pro- 
duced from numerous enr|tels‘arranged in a whorl ; e.y. Jfb/tw, 
with epiealyx consisting of throe tree involueral hrarteolcs : 

La vale ra, with epicalyx of three united hracteoles ; Althaea , 
with epiealyx of six to nine hrarteolcs united nt the base. 

(2) Jfibiscrac. with Bruit in the form of a Capsule ; c.j. If ibis- 
ms (Rose- Mallow), Uvssypiutn (the Cotton-plant). 

U Knur. Aril ic a l DisTitniVTioN. - With the exception of 
the j*>lar regions, members of the Mallow family are found 
distributed over the whole earth, although chiefly occurring 
in the warmer rones. Althaea rosea t the Hollyhock, and Atal 

some of the hushv sj*ociesof Hibiscus are favourite ornamental ^ 

plants. The s|H-eie» of ttossjfpium, from which cot ton is obtained, are mostly 
dir oh* with lotted leaves and bell- shaped \ellow or red flowers. The Cotton-plant, 
which still grows wild in tropical countries, is largely cultivated in all the warmer 
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regions of Asia and Ammo* The fruit (Fig, $44) is a capsule packed witH 



( Magi tifl* •(!). (Afti f Itr.K** anil Fi*.. M3. .tMnri ni/ivstft#. >t, Flower ; 

Si’Hmim.) < . M»»wor*hutl; *•. fruit (list- *i«a> - fhrWcy.vj/., 


>vhitv, yellow, **r brown hairs (cotton,, which an* alt ached to the seed* (3), mid 
twrve as an aid to wind- distribution. 



Kim. M4. ~~Ga^'tfi>inin A*W*«*vo,#. 1, Flowering branch ; 2, fruit? It, #»w*l (nut. #htn). 

OrWiX.*L. (After Wommdmi.) 


Officinal. — Malva neglect a and M. *iive*tris (High -Mallow) supply Folia 
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Malvak, and^Jjfc silvestri* (Fig. 543) also Flores Malvae. The leaves, Folia 
Altnah^e, and the roots, Radix Althaeae, of Althaea officinalis (common 
Marsh -Mallow) are used medicinally. Cotton-wool is obtained from Gossypinm. 


Order 11. Gruinales 

Flowers hypogynous, hermaphrodite, aetinomorphic, and penta- 
merous throughout, or zygomorphic, and then often reduced, never 
WITH POLYMKROUS WHORLS FORM El) BY SPLITTING; Stamens MON- 
; ^ ji ADELPHOUS AT THE BASE, ob- 

,m !■> r\ diplostemonous; DISC ABSENT; 

ovary svncarpous, septated ; 
f \ \y micropyle directed upwards. 

f l'O uf\ J W J/ uSSv Vi * The Gruinales are distin- 
V Y^vt7 J ' l l W ) i / guished from the Columniferae 
YV J J by the partially monad elphous 

stamens, and hy the absence 
^ ^ ^ of splitting in the androecium. 

Km, M6. — Floral dlnumniH < *f (intittiorn i**. A, * <•' > • ^ both OldciS OllC whoil of 
“ninm /irrtfr»w; H, Mutyouivm mhw/». (Aft<‘r StUUieilS is often suppressed 

or replaced by staminodia. 
The absence of a disc and the position of the micropyle distin- 
guish the Uminalex from the allied order Tnrhinthinae and the 
*lr8nilina? t 

Family Geraniaceae. — Flowers actinomorphic, rarely zygomorphic, 
pentumerouH throughout ; stamens five 
or ten ; ovary with two ovules in each M 

loculus ; carpels prolonged into an AWN, j 

and BECOMING DETACHED, WHEN RIPE, ,■ y/y‘ 

FROM A PERSISTENT CENTRAL COLUMN v ■’ 

(Figs. 545, 54b). 

The Gernuiactae are herbs, or, in /' 

warm climates, small shrubs, with simple mi 1 L ^ 

leaves and usually with glandular hairs, f li \ 

which secrete ati aromatic oil. The 1 

fiowers are either axillary and solitary , JL 

or clustered iu inflorescences of various fwiit 

types, and have usually a carmine or 1|I|K 

crimson corolla. The carpels in many 
sjvecies remain closed, and are forced J 

into the ground by the movements of ■ 

the spirally -twisting hygroscopic awn . x s . (Aft ,. r bauxox.) 

{fat. ErwUmu ). In most of the large- 

flowortni species of Geranium the awns, in coiling, contract with such 
suddenness that the seeds are shot out from the caqiels, w hich rupture 
along the ventral suture. The two genera may readily be distin- 


Fhj. — Fruit of / W<o>7<>«i n w >*♦*, 
(»»»»«, x S. (Aft»*r Baillon.) 





Fin. 64*. Erytfi /•<*■//( um Voen.—OfFinSAt.. 
(After S< tU'HAXS atwl Arth. Mrykr.) 


*t*e). — Orr/CI.VA i, (After 
Bkr« and (Hum**) 
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guished, as ErocUum (Storksbill) has only five stamens, while in Ger- 
anium ^Cranesbill) ten are present. 

Geographical Distribution. — Members of this family are found widely 
scattered over all zones. The various species of Pelargonium (flowers zygomorphic), 
which are so largely cultivated, are indigenous to South Africa. 

Family Tropaeolaeeae. — Tropaeolum majus , Indian cress, and other 
species in cultivation. 

Family Oxalidaceae. — Leaves compound. Oxalis Acetosella , wood 
sorrel, contains oxalic acid. 

Family Linaceae. — Flowers actinomorphic ; four- or five-merous ; 
stagyps monadelphous, the epipetalous whorl wanting or stamin- 
each loculus of the ovary incompletely halved by a false 



Flo. I'tiliitioln Smrtjit. A , Flow ft ; «*, small, />, large sepals ; »•, keel ; »«, lateral js'tals ; 

tl, antfmrlum. undrmcium ; It, anthers (mugmtiisl). offu isal. (After Ukro and Nchmiut.) 

DISSEPIMENT, and having one ovule in each chamber ; fruit drupaceous 
or else a capsule. Herbs and shrubs with narrow, entire leaves 
(Fig. 547). 

The only plant of economic value in this family is the Flax, Linum vsitatisxi- 
won, an annual herb, native of Western Asia, and known in cultivation since the 
earliest historic ages. The flowers J'ig. M7 \ are blue, and borne in eyniose in* 
florescences. Linen is woven from the strong bast-fibres of the stems, while the 
seeds are also of value on account of the oil (linseed oil) extracted from them. 

Officinal. JAnum usitatissimum yields Semen Li si and Oi.kim Line 

Family Balsamlnaceae.-- Flowers zygomorpiik', with five free 
stamens; fruit a capsule, bursting when ripe into valves. Herbs 
with simple leaves. 

Jmpatiens noli tan gar in woods. /. parvijlom ami /. Balsam hi a are cultivated 
ornamental plants. 

Kara i ly Erythroxylacaae. — 

Officinal . — Enjthroxylum Coca (Fig. 648), a shrub growing in Bolivia and 
Peru. Its leaves (Folia Coca) contain the alkaloid Cocaine. 

Family Polygalaceae. — Flowers zygomorphio, with incomplete 
whorls, the corolla being reduced to three petals, and the andruecium 
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to eight stamens rxrm> txto a ti be ; gymveium mMKRors ; fruit 
a capsule or drupe (Figs. 549-551). 

The Potygalacece include herb*. shrrbg. ami linnet, with simple leaven ; they 
are widely distributed over ine v ‘nde gloW. Their flowers in general appearance 
somewhat resemble the e of the Ptryiliontarar, hut 1 1* * wings belong to the calyx 
and not to the corona. The keel, however. i> a ptul. The anthers open by pore*. 
The various siwoies of Milkwort . /W$jjo 7<» are fa mi Si tit lepivaent stives of tins 
family. 

Oi'KfUNAL. — The North American Senega. Miakrrtait (/Wy;/n/« supplies 

the offieixial Hadix Seneca. 

Order 12. Terebinthinae 

Flowers as in the preceding order, Uu! with AN intka staminal 
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disc. For f the most part woody plants, wjth ethereal oils which 
occur injjtcanals or cells. 

This order stands in close relation with the ( huinales , with which 
it is now sometimes united. The fact, however, that in the majority 



Km. i it nix Aumntimn. I, Flowering branch : 2, u flower cut through longitudinally ; 
8, fruit in longitudinal section ; 4, w'i'i\.- <>rnciXAL. (After Wohsidlo.) 


of cases members of this order exhibit special characteristics which, 
although sometimes modified, are traceable throughout the vaiying 
forms of the order, would seem to indicate 
their common origin. Thus the majority of 
the Terrhinlkime arc aromatic woody plants, 
with pinnate, persistent glabrous leaves and 
small or at most medium-sized flowers, which 
possess a fleshy disc at the base of the ovary, 
and are disposed in racemose or cymose in- 
florescences. They are found chiefly in warm 
growing*™ dry and sunny situations. 
i.KR.) Family Rutaceae. — Flowers usually aetino- 

morphic and four- to five-merous throughout ; 
stamens in one or two whorls, sometimes as a result of division 
numerous. Woody plants, rarely herbs, usually with pinnate leaves 
and WITH KTIIKRKAL OIL IN NEARLY SPHERICAL INTERCELLULAR 
cavities (Figs. 552-554). 



This large family is almost exclusively restricted to the warm zones. The members 
of the RulartfU of especial value to man belong to the genus Citrus , which differs 
in many respects from the family tv]*'. The Citrus species are small, evergreen, 
ami oftcti spinous trees. The leaves are apjtareutlv simple, but in reality they 
are compound leaves reduced to a single leaflet, as is evident from tlie presence of 
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a segmentation below the lam; a f and from a comparison with allied forma. The 
white, fragrant flowers have a gamosepalou calyx, four to eight thick petals, and 
numerous stamens united in bundles. The fiuit is a multi locular tomry with a 
leathery outer layer full of oibcax ities. All the spam* of Citrus are natives of 
tropical Asia, hut most of then; are now **u!t, rated in all warm countries. The 



Ft*.. r, !.'««*»« .i/ii.nc, Nat. *uc.~->o/#7« i.s al , (Aft*-r Hum. and !* liwmr.) 


most ini]M»!t?int arc c. wi win's, th»* Bitter or Seville Orange : JurunliutH, the 
Sweet Orange : (\ Liunmum^ the I/iuon ; c. me* f ten, the Citron. 

Poisu.vors. —Jluta tjraraUn*. 

Officinal. Citrus vulfjitn* yields Couiex mtnrrt h AruAK'rii and KltWTfH 

Al'KANTlt I MM ATI' HI, OhEIM At’ KAX Ml Flol'lM afl'l F«MA Al'KASTI! ; CitTHS 
Limonum, OmiTX Limmma, Oum m Cir«l ; *'t1ru* Bcryunia, Ol.KtM BfkuaMoT- 
tak ; Pilocarpus fminalifoUus (Brazil,. F«u.u jAWHtANt»i, PtUM Aftl'lMM ; Hula 
{traveoltm ; Hkuha Kvtak. 

Family Buraeraceae. — Omi tkai. — -Mvnitii, the roin of Commiphora 
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AbyssiWtca and C. Schimperi, small East African and Arabian trees. Frankincense 
from Brnwcltia Cartcrii and B. Bhau-Dnjiana (Arabia, East Africa). Et,emi from 
Caimriitm #p. (Philippine Islands). 

Family Simarubaceae. — Officinal — Lignum Quassias from Picrasma 
( Picracna ) exeelsa (West Indies) and Quassia amara (Surinam) (Fig. 555). 

Family Aaacardiacea*. — Species of Bhus, are poisonous. 

Officinal — Mastichk, from Pistacia lentiscus (Mediterranean). 

Family Zygophyllaceae. —Officinal — Lignum Guiaci and Resina Guiaci 
from Guiamm officinale (West Indies). 


Order 13. Sapindinae 

Mostly tropical trees or liaues with obliquely zygomorphic flowers. 

Family 8&pindac6ae. — Officinal — Guakan a from Paullinia Cupaua ( = 
Morbilis ) (Equatorial Brazil). The small group of the Hippocaslaneac may be 



Flu. — A it i' ituMjx'stir. 1, Flowering branch : 2, a flower cut through longitudinally : 

8, a stamen : 4, the fruit. (After Wohmidlo.) 

placed here. Aesculus hippomdanvm % White Horse-Chestnut, occurs from Northern 
Greece to the Himalayas ; Arsenin* par in, Pink Horse-Chestnut, North America. 
Cultivated in Eurojm, 

Family Aeeraceaa. The genus Acer, Sycamore, occurs in Europe. Trees with 
aetinomorphic flowers, extra-staminal disc ; fruit, a winged schizocarp. Acer 
campcstre (Fig. 556), A. plnta noidrs, A. ftsrvdo-platanns. 
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Order 14. Frangrulinae fc ’ 

Flowers hvpogynoiis, sometime perigynous or epigynoun, ACTING- 
morphic, in the perianth and andrtecinm three* to four-morons, HAP* 
lostkmonovs, usually with disc: ovary two- to five-men ms, septate, 
with one or two ovules in each loculus ; mieropyle dhuxtkd 
DOWNWARDS. 

The Franyulinat comprise, for the most })art, shrill ts, sometimes 
growing eivct, sometimes rlimhing by means of tendrils. The leaves 



t tjtnco. A KUnM-nntf l*r»u«i» (ixhu***!) ; » t1ow*'r <«»»*; uillwi)} 

• \ />, tti** Iniit (lint. I'urwAo* a 

are generally simple, in some eases, however pinnatcly comjxmml. 
Although entomophilous, the flowers are characteristically small and 
inconspicuous, usually with reduced calyx and greenish or white 
corolla. They have only a single whorl of stamens, which may he 
placed opposite either the sepals or petals. The fruit is dry or juicy. 

Family Celastrace&e. — Flowers hypogynous ; stamens kpihkpal- 
OU8, inserted on a disc ; ovary two- to five-locular, with two ovules 
in each loculus ; seeds with coloured arii* 
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Cliwfly tropical trees and lianes. Evonymus europaea , the Spindle-tree, has 
p^isop^us fruits and seeds with a red aril (Figs. 557, 558). 

Family Aquifoliaceae. — Flowers hypogynous ; disc wanting ; 
ovary two- to five-locular, with one ovule in each loculus ; seeds with- 
out aril (Fig. 559). 

The plants familiarly known as Holly are included in this family, belonging to 
the genus Ilrr, e.g. I. Aquifolium, the English Holly. The leaves, known com- 



Flu. 058.- Floral diagram of 
K r o n a m o v s e nr opncn. 
(After Eicmi.mi.) 



Km. ft 50. —Floral diagram of 
Her tit/ u i fid in m. (After 

Kuhm.r.) 



Fm. 5*50.— Floral diagram of 
A mpelitps is hede raven. 
(After Kichi/kr.) 


mereially as Paraguay tea (mat ft), are derived from several sub-tropical South 
American species of the genus Ile.r. 


Family Vitaeeae. — Flowers hypogynous; stamens kpipktalous ; 
disc incomplete, consisting of separate glands ; ovary generally T\vo- 


6 



Fit.. 5*51. I' it is vin ijrm. 
Flower during Us ntdlmsi*. 
«», Calyx ; t>, corolla ; >\ 
disc ; */, stamen* : r, o\ary 
(magnilled). (After Hkic. 
and Schmidt.) 



Flo. ftfiii.-- Floral diagrams of A, llhnuiunx enthortien ; 
ami /:. lilt, f untruth'. (After Ekhi.ku.) 


locular ; fruit a herrv. Climbing shrubs with tendrils opposite 
the leaves (Figs. 560, 561). 

The. Fitacrar are chiefly indigenous to tropical countries, where many species, 
particularly of the genus Ci&sus, are common Hanes, some of which, when cut, 
supply a large quantity of clear water. Many species of Fit is are natives of North 
America ; f.g. F. Labrumt, the Northern Fox -Grape, now largely grown in 
Europe, and the Virginia Oreej>er, A mpefopsis kerf era era, so frequently cultivated as 
an ornamental climber. Fit is the Vine, one of the oldest of cultivated 

plants, grows wild in the temperate regions of* Western Asia, Southern Europe, 
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aud Northern Africa. The tel. IrUa of the Oni}«e*vim\ am is shown by tbf piftnw 
of small leaves or flowers, are metamorjthos x! shoots. The inflorescence is a j*fo* 
ttiselv branched. panicle with jw*ntAm*'ro»!s flowers. The corolkft s doming 
detached from the flower- axis during tin act of 
flowering, U thrown ofl" iu the form of a sm«.. star, 
and is, *u conseijnenc: , apparently wanting in the 
jjH'iied flowers. The vine has giv**n rise by eultiva 
tion to numerous improved varieties and race*. 

Corinthian or dried currant a are tin* small fruit* of 
a seedless variety (var. apnrrnu . 

Ofhcin*.*!.. - VlXI'M. 


Family Rhamnaceae. — Flowers pkkigyn 
ocs or khgyxois ; petals usually small, 
often hood -shaped ; disc complete , ovary 
commonly Turkic- um tea it , fruit a drujie 
or capsule. Mostly erect, rarely oVitithitig 
shrubs, chietlv tropical (F\gs. f>G‘J, 5GB . 



Kit*. .'* 18 . ttbmnnv* *' ■ ■;;»*»/>*, 
H«t«rer ent tUfou;:!' 
;i,<UiwH> <•. ; h. 

-sty* ; - i«‘Ul ; *#, n stamstt ; 
t, |0OU (msjmittnU (After 
Itl lKl atet St IIMIM , ) 


Hha minis cuthurtirn, the common Buckthorn, is a thorny dhecioini shrub with 
opp.dte, finely «enat»’ leaves, and unisexual tetramerou* flowers producing four' 
loc ilar dntjH 1 *. A. Frungufu, the Alder Buckthorn, has scattered, elhptieal, 
entire lea' es, small hermaphrodite flowers t, K» k- united iu clusters, and blaek 

two- to t hree locular urupev. Charcoal made from tin* wood of this sp-eies is 
used in tl»e inanul o ture v>l ^nnjs>vvd‘ r. 

OmeiNAi. Fi:n us Kiiavim C v Tit vitin vf. Coinrx Kiivsnii ,\K. C'oitiKX 
Jin v.MM I'utMKAN \r, Ironi ilham 
nus Purshutini, native of North 
America. 

The Buxaceae difler from other 
families belonging to th* frutigu 
Untie , chblly in having flowers 
that are either entirely naked or 
only provided with a simple, floral 
envelope. The most familial re- 
presentative is the Box, /turn* 
srmpt t virtue, a j‘nI*v<»xors evei 
green-shrub frequently cultivated 
for ornamental borders, etc. To 
the same alliance belongs also the 
family Empetraceae. Km\Htn»m 
nigrum, the Blaek Crow berry, 
a .small heather-like shrub of alpine 
habit. 

Order 15. Thymelaeinae 

Flowers perigynous. act mom <j i t<„ 'irt-4.— Mtvr-ftim {£ nat. *•«*). /'owtxutg. 

phi*- : perianthand audru-cium foir • 

to ft v c -morons ; cokou.a i:Ki»r. r.n <»ii w.vmimj ; one or two whorl* of stamens; 
ovary monomerous, with oiie ovule. Mostly woody plants. 
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Family Tbymelaoeae. — Ovule pendulous. The species of Daphne are poisonous ; 
D. a deciduous shrub, familiar in cultivation, has fragrant, rose-coloured 

sessile flowers, which, make their appearance in the early spring, before the foliage- 
leaves, on the shoots of the previous year. The fruit is a red berry about the size 
of a pea (Fig. 564). 

Officinal. —Cortex Mezekei. 

Family Elaeagnaceae. —Ovules erect; woody plants, with scaly hairs. 
Hippophae. 


Order 16. Trieoeeae 

Family Euphorbiaceae. — Flowers hypogynous, actinomorphic, 
MOSTLY UNISEXUAL; perianth rarely double, usually simple or 
wanting; androDcium l~xmerous; ovary of three carpels, tri- 



JKlu. &65. -Diugram of a dicluurin) branch of Em>hurbi<i, with Unco cyathia. (After Eichleh.) 

locular, with one or two suspended ovules in each loculus ; micropyle 
DIRECTED UPWARDS and outwards, and covered with a fleshy out- 
growth (caruncle). Fruit commonly a capsule, whose carpels 
separate elastically from a central column (Figs. 565-572). 



Km. i>M. Euphorbia hithun*. .4, t'\athium (* r »); /.*, fruit after dehi«eHice ; «\ central column 
( \ 2); i meed cut through longitudinally, showing the fiultno ♦•mbeddcd in the endosperm ; 
<rr, caruncle (magnified). (After Haiu.on.) 


The single constant characteristic of the Tricoccae is the manner 
of attachment and structure of the ovule. The Euphorbiaceae include 
plants of the most varied habit, embracing herbs, Cactus-like succu- 
lents, shrubs, lianes, and trees, whose leaves may l>e large, or small, 
or reduced to scales, or represented by phyllocladia. 

The flowers, which individually are always small and inconspicuous, 
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display the same variety *a their structure 'u the vegetative parts* 
They are sometimes arranged ; n dower like inflorescences enveloped 
by a corollaceous sheath (cf. E'ij-lorhut). Although some few 
species produce dry ind hiscexit fruits, lorries or drupes, the usually 
triloeulii r capsule? whose carpels or cocci, in dehiscing, separate 
elastically from a central columr (son.ctiiues with great violence, ejh 
Hum uep'Uins), and split almost to their base, constitute an easy ami 



I n.. — }. l‘ <> <w> i/ifi'ii* <4 uni. I 

I'atSu&'fi’X' 



I f .,phn,h tt . ,"iuiUF<v. omasa 

Il»m« mi»I Wk «mt »!<«*.) 


certain moans of recognising tin; majority of thi; Juijihwlnacnif. In 
.spite of the great variety displayed by the different mender* they are 
so linked together l.y intermediate forms that this family form, one 
of the most natural of the vegetable kingdom. 

Kn KKF.sr.uivr. (1f.sf.k v. -Euphorbia, tie- Spurge 'Figs. M6.SMV Numerous 
s talked male flowers, earl, consisting of a single stamen and One .talked female 
flower, are together envelop! by » lo»*d, ,nv, ' " ,rP - “ 

inflorescence termed a . v.vruil «. Su. h a eyatblnn. resemble, a single her- 
maphrolite flower, psriicularly when the sheath, n* tnvoluere corollaceous. 
That it in realitv, represent- an inflorewwne;. is apparent from the ind crtton of 
a segmentation visible (flow eath stamen ami also from a comparison with allied 
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genera in which each flower, although otherwise similarly constructed, is provided 
with 8, a pertgone. All the species of Euphorbia have unseptated latex-tubes con- 
taining a milky juice. Mercurialis (Fig. 571) : flowers dicecious, with green perigone 



‘id. W.*. — Hi htv* 
nm wonts. 1 Mor- 
••MCrnof bearing 
mnlf flower* to- 
ward* Dm* tow* and 
t>mah' flowers 
alxivt*. $ l.at. 

(AH IIk.ru ami 
Mchmii*.) 



Fjo. >>* >'omnnn>/K. ^mitly mtun*d.— /V»/.so.vors and OmciXAL. 

(Aftt*r IUiu.on.) 


and dimerous ovaries. Croton : all the species of this genus are tropical shrubs 
with monoecious, heterochlamydeous flowers, Hie inns (see under Officinal). 

Geographical Distiuhution.— T he plants of this family are native chiefly of 
tropical countries, where they occur usually in the form of shrubs, rarely as lianea 
or trees. Caouti imru is derived from many of the tropical species, c.y. Hcvea 
ituyanensis and 11. Irrodliams (South America). The roots of Manihot ntilissima 
(Manioc, Cassava) form an important article of food in the Tropics; from them 
Tapioca is obtained. 



Kim. 572.- M«lb4u* ph mu*. KnuMrwina Imurfi. AU-«t | nat. +\tr. ~Hrru;t&AL> 

( Fruit; F , Ai*r.»i»'K. A'«W"rjrrwdMr.) 

principled. Some #j*icie» belong to th»* umt of |»Uat«, t.y* the tropical 
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aerican Ifyppomane Mancinella, whose dangerous character, however, has been 
conriGtoahly exaggerated. All the species of Euphorbia (Figs. 567, 568), and also, 
though to a less degree, the species of Mercurialis (Fig. 571), are poisonous. The 
seeds of Ridnus communis (the Castor-oil plant, Figs. 569, 570), but not the oil 
pressed from -them, contain a deadly poison. 

", OFFICINAL. — Euphorbium, from Euphorbia rcsinifcra , a Cactus-like shrub 
growing in Morocco (Fig. 568). Cortex Cas< akillae, from Croton Eleuteria 
"(Bahama Islands). Oleum Ckutonis, from Croton Tvjlium (East Indies). 
Kamala, the glandular hairs of the capsules of Mai lotus philipp incnsis (Fig. 572), 
a small tree widely distributed in East Asia and Australia. Oleum Ricixi, 
obtained from the seeds of Ricinus commit nix (Figs. 569, 570). The Castor-oil 
plant, now so familiar in cultivation, in its native home in Africa is a tree-like 
plant with large palmately-lobed leaves. The male flowers have branched stamens 
and occupy the lcnver, the female the upper part of the axis of the inflorescence. 
Both kinds of flowers are provided with a simple envelope. The fruit is a three- 
seeded spinous capsule. 

Family C&llitrichace&e. —Small aquatic plants with unisexual flowers, without 
pcrigone ; one stamen, one carpel. 


Order 17. Umbelliflorae 


r lowers actinomorphie, more rarely slightly zygomorphic, epigvnous, 



Fto. 578.— ‘I'ornti# imis. 1, Flowering branch; 
2, flower rut through lotigitmliimlly ; 3. 
branch with fruit. (After Wossuolo.) 


with a four- to five-merous perianth, 
HAPLnSTKMOXOUS ; calyx GREATLY 
REDUCED; a n intra-staminal Disc 
present; gynoecium usually dimer- 
ous; ovary bilocular, with ONE 
ovule in each loculus; seeds with 
large endosperm. Herbs and shrubs, 
commonly with hollow axes; 
leaves DIVIDED or COMPOUND, usually 
WITH SHEATHING BASES; flowers 
small, aggregated in umbels or in 
umbellate inflorescences. 

In the structure of their flowers 
and fruit the CinMliflome bear a 
dose resemblance on the one side 
to the few epigynous Frangulixae, 
on the other, through the Ctiprifoliu- 
to the lMi'mte, from which they 
essentially differ in not having 
gamopetalous flowers. The union 
of the members of this group into 
a natural, systematic order is chiefly 
1 wised on the similarity exhibited in 
the form of their inflorescences and 


on the resemblance existing between 
their vegetative parts. The designation of the whole order as Um~ 
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belliflorae has reference to the umbelliform maimer of branching die- 
played in the floral region : the inflorescences are usually compound 
urn )>els, rarely simple umbels <>i nmbellaie panicles or cymes. The 
flowers in most wises arc white or yc’low. There is a similar eorre* 
spondence in the vegetative organr. The stems are generally hollow •* 
the leaves are scattered, often very large, usually much divided or 
compound, and almost always with stalks broadened at the base into a 
sheath. 

family Corn ace ae. — Perianth and andnreium usually letnuiierouft; 



t*»W!ii'i«liiui!3\ fl *t(»l ’• a* ; I. — • Vumt.nm ». W<mw 

petals vaia atk os in the hud ; gyweciuni most often 

dimerous with mmpi.k sty it: , ovary one- to four-locular; fruit, a 
itHi i’K or hk n it y (Fig. r>7.i) 

This family forms a Connecting link between the Uhtmnwm^ and 
the typical rmMUjlor*u\ It coin prises but few Imrbn, and i» usually 
represented bv woody plant* with flowers arranged in dichasial 
inflorescences, and with decussate Icaies, which are generally un- 
divided and without a sheath. 

Cornua not* atnl arc* *hrulm t tli<« fanner *otiifttra«M attaining the 

mz»* of a tm*. <\ *t*crn'fr i*. ati h* rb gntwiiig in Northern UUttub**. 

Family Ar&iiaceae. — Perianth and aadrrwhmi usually PKNTA- 
MKROUH; petals valvate in the laid ; gymecium generally MORE THAN 
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DljfEROLlJ ; styles most frequently free ; ovary one to many locular ; 
fruii?%, DRUPE or berry (Fig. 574). 

A family of small woody plants with stems either hollow or filled 
with a spongy pith; rarely solid and woody. The leaves, which 
are scattered and provided with sheathing bases, are lobed or com- 
pound. The flowers are arranged in umbellate or capitate inflores- 
cences, which are frequently aggregated into panicles. 



s } Fm, 575 .— Cimta virtw. $ nat. VoisoMtis. 

The Araliattae are found chiefly in tropical Asia, where, in the form of small 
sparingly-branched trees with large divided leaves and enormous inflorescences of 
small yellow flowers, they constitute a characteristic part of the vegetation. To 
this family belongs the Ivy, Hedera Helix (Fig. 574), a root-climbing, evergreen 
shrub, with differently shaped leaves on the fertile and sterile shoots. The berries 
are poisonovs. 
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Family Umbelliferae. — Perianth and andro*ciura generally penta- 
merous ; petals incurved in the bud ; gynmcium DIMEROUS, with 
FREE STYLES ; fruit schizocarpie, usually with OIL- DUCTS, Flowers, 
with few exceptions, in con, pound und'cla (Figs. 575-581). 

The Umbelliferae form one of the most natural and easily 
recognisable plant-families. They are, in the majority of cases, 



Fu<. ~ Floral iHagmii 
( : t!r > ). 



pit* '>77. — Fr.ut of tanou* V im toro*- 
\T'tnw» i* *1. . 1, < >/*•’> now ; 2, /*iw> 

jit nflUi A '» « o> " } 3, * ' »•'«* v*(trv{‘it«nt 4, ' or la n - 
Whim *i»im —ttrrhiXAL. t AfVr Hbho a ml 



Kio, $7*. — (tinm Orm. 1, Branch with 
rlj*** fruit ; 2, a fh»w«*r ; li, th* asm* cut 
through loiiKUtnliuully ; 4, fruit ; f*. 
tnuw%^nw wtiou of fntlt -/*fr/r/,Viit 
(After Wowuiu*?,) 


jHjremiial herbs with hollow stems and divided leaves with sheathing 
Iwises. The inflorescences arc usually comjround, and consist of many 
umbels of small white or yellow, rarely reddish or violet, flowers, 
which give rise to brownish rihlred, aromatic flchizocarps. 

Tlit* umbel* art often altogether devoid of subtending have* ; where such are 
present, they form an ineonspuuou* whorl of bracts, tonnes! an involucre when at 
the base of* the compound whirl, an involucel if sftbtending the utn toilets or 
secondarv umbels { Figs. f»sO, 5 W 1 Tire presence or absence of mvolucral whorls is 
characteristic of different gem ra. and is, therefore, of great service in distinguish- 
ing them. 
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The following examples may be cited as illustrating deviations from the usual 
habit : simple entire leaves (e.g. Bupleurum ) ; simple umbels ( c.g . Hydrocotyle ) ; 
compound inflorescences, paniculate (c.g. IJoremu ) ; large corollaceous involucres 
(e.g. Astrantia, Eryngium). The most striking variation from the typical habit is 
the occurrence in temperate South America of Umbelliferae with solitary flowers 
(Azorclla). All the flowers of an umbel are usually actinomorphic and herma- 
phrodite. Sometimes, as in Conundrum and Jferaclcum (Cow - Parsnip), the 
peripheral flowers are zygomorphie ; or in some cases the umbel lias a central 
terminal flower of a distinctive colour and size (c.g. JJaucus ), or it may consist in 
part of unisexual flowers. The calyx is usually barely distinguishable ; the petals 
are provided with a short claw and are obcordate in shape or have incurved apices. 
The disc consists of two cushion-like swellings and secretes honey. The stamens 
are incurved in the bud. The styles are short and divergent, with their apices not 
distinctly thickened. 

An exact knowledge of the structure of the fruits is indispensable, 
as these exhibit the most important distinguishing characters of the 
species, which in other respects are very much alike (especially poisonous 
species). The fruits of many species, moreover, are officinal, or are used 
as spices. The fruit, which is usually small and of varying shape, is a 
dry Bchizocarp, and splits when ripe into MF.kicarps. It is most fre- 
quently somewhat elongated, and circular or elliptical in transverse 
section ; in the latter case, with the major axis either parallel or at 
right angles to the plane of union of the two carpels. When an 
elliptical transverse section is very narrow, the fruit is disc shaped 
(Jlcraclnun). Fruits of a spherical (Conundrum) or double-spherical 
form ( bifont ) are more rare. After their separation, the two carpels 
or rnericarps usually remain suspended from a forked stalk, the carpo- 
ITIukk (Fig. 578, 4), until they are eventually detached by the wind. 
A carpophore is absent in only a few species (r.g. the formerly officinal 
Onuuithe ]*itfllaiulrinm). Kach mericarp bears on its free surface five 
longitudinal ridges, enclosing vascular bundles ; these are known as the 
MAIN Kins (JVC, A PRIMAIUA). The FI R Rows (\'AI.I,K(Th/K) between the 
ridges are usually dark-coloured in consequence of the reddish-brown 
oil.- Durrs (vmr.E) which occur immediately below in the tissue of 
the pericarp (Fig. 577, 1). In many species each of the furrows is 
traversed by a secondary riih»k (.irui'M ski TNDA iur m) ; the pricklv 
fruit, for example, of the common Carrot, J hi urns Curota, possesses 
prickly secondary ridges. In many genera (>.g. Cimpinrf/a) several 
oil ducts occur below each furrow (Fig. 577, li) ; in others, the oil- 
duets may be present in less than the usual number (Curia tut rum. Fig. 
577, 4) or altogether absent (C*mium 9 Fig, 577, 5). The seed com- 
pletely fills the whole cavity of the mericarp, and is adherent to the 
pericarp. It contains a large oleaginous endosperm, in the upper 
part of which the minute embryo, the hypocotyl of which is directed 
upwards, lies embedded. 

According to the form assumed by the endosperm, the following 
soil-families may be distinguished. 
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car) is (Fig. 57? l' 21 , „ v ! ‘ *“ f ° f jumtion of ,lu ' *»o nifri- 



Flo. r t 7 <j. J, \ u ,t. sj/f. t>mci.\.u, Mel J’uiftvors. To Mm* l»*ft Mm* fruit, 

m-UMtSi**!. in. ribs ; /, funcws, <, Him* < -f s*>j»iiraM«»u ; w % i»- <|*!n *i *• ; minima. (Alt4M Hkimj 
111 hi S* HMJM.) 

(Parsley,. /Vmi/o/o lift, Siam { Wafer - Parsnip . unim (Thorough • wax), 

(knanthr i Pro] > -wort „•/«•{/# usa Fuji's Parsley;, Focnicuhuu (Fennel), I^evixlicuin 
' Lovage), A nyrtim, Areknwjriifti , If* rmlnm /Cow Parsnip., PwUiiutm (Parsnip), 
Duucun /'Carrot ., etc. 

2. i 7<r tttp>/lo$j>r mud f . — Tie* ventral side of tlu* eiMloajwrm is traversed by a 
longitudinal groove Fig. . r »77. *t : * • ih Fnuouli* (Bur Parsley), Toritu (Hedge 
Parsley), Scandix. /Shepherd's Xee lie*. An?hn*'"u $ Beaked Parsley), Chuervph yllum 
(Chervil), Con ima f Hemlock,, et<\ 
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3. Coelo8per$nqae . — T he Ventral side of the endosperm is concave, e.g. Corian - 
drum , Coriander pFig. 577, 4). 

Geographical Distribution. — The numerous species of ITmbelli/erae are, for 
the most part, indigenous to the North Temperate Zone ; those occurring in the 
Tropica grow almost exclusively in the cooler mountainous regions, while the 
South Temperate Zone possesses some peculiar, abnormally - developed forms. 
The Umbelliferae of the Persian and Thibetan steppes, which attain a height of 
over 6 feet, contain latex in intercellular spaces of the roots, and are used medicin- 
ally in a dry state. Many members of this family are cultivated for culinary 
^piirposes, in most cases on account of their aromatic properties ; e.g. the Common 



Flu. — Shan htttf'Jimn (J nut. si/**), - I'ofsoyors. 


Carrot, Daunts Carol a var. saliva; Celery. Ayium t/rareoh us ; Garden Chervil, 
Anih risen* Cerc/oHum ; Parsley, Petrosclinum sadrum ; Dili, Ancthum graveokns ; 
and also several of the officinal sjun ies. 

l\u*)Noue.*r<V»iMwi maeuhtu m, the Poison Hemlock ;Fig. wp f , a oi.AHKms 
herb, often more than a metre in height, with hollow steins and dull-green de- 
eompound leaves. The lower jsirts of tin* stems are very frequently, but not 
always, purple -spotted. The plant is easily recognised by the wavy, crenate ridges 
of its short, laterally compressed fruit, and also bv its disagreeable odour when 
bruised (resembling that of mice). Cicala mv.tr. the Water- Hemlock (Fig. 
a large herb growing along the edges of ponds and ditches, is one of the most 
dangerous of poisonous plants. It has a turnip- like white kmizomk full of 
INTERNAL l AViriK-s, and large tripiimate leaves with narrow lanceolate, serrate 
leaflets. The small white flowers are aggregated in compound umbels and produce 
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subglobose fruits. BenOa angestifofia and the different species of Mum end 
Oenanthe are less poisonous ; they are all mar>h or aqua fijlS 

(Fig^SO r^hich^s 11 ? 11 1S ^ 4 ^ e h / th . e . al,sem * of A carpophore. ,SW 

• !, h frequently found in e-injMuiy with the Water* Hem lode, has 

mply pinnate leaves with lanceolate, sharply -erwte leaflets. The Fool'* Parsley 
Aethusa Cympium (Fig. .*81), a common weed in gar tiers, produces an intoxicat’ 
ing effect vvhen eaten * 11 differs from the true jmuWv in having white instead 



of yellow lioweis, one-sided, tiilee ieavld {instead of six- t<> eight -leaved) 
invulucels, and an odour of garlic. 

Ov¥\cis\i.. - Arehangelica officinal** yields Radix Anoelkak; Ltristieum 
officinale, Rad. Levistici ; FtmpiiofUi nut atm ami /'. Saxi/raga, Had. Pimim- 
NELLAE ; Imperutona Oc t ruth inm, Rill i Imfkuatokiak ; Fimpinella Anisum 
(Anise), Farm's Anisi, Oi.eum Amsi ; Fnenieuhnn enpHUuieum, Fiuttuk Foksi- 
cri.i, Oleum FoEXieru ; Carum Carri .Caraway;, Fill rrt « Cahvi, Oleum Cahvi ; 
Cortandrum sativum, FnrcTts 0»iu\xi»i:i; Fetronelinum sativum, Far errs 
Petkoselim ; Coni urn maculaium, JIkkis.v C"Nli ; lhr* urn Ammtmiacum (Persia), 
Ammokiauum ; Ferula galbanifina (Persia , Galiunum ; Ferula, Mart hex (Persia) 
and F. Asafoctida , AkafoETIDA. 

Order 18. Saxifraginae 

Flowers hypogynous, perigynous or epigynous, actinomorphic, in 
perianth and andrrecium pentamerous ; stamens usually OBDIPLO- 
STEMOXOUS ; gvmecium two- to five-merous, syncarpous or apocarjrous ; 
seeds generally ALBUM ixocs. 

This order is somewhat artificial, and difficult to characterise, as it 
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consists of members whi^h exhibit a great diversity in the structure of 
their flowers. V 4t cannot be sharply separated from the Rosiflorae ; and 
as it stands also in close affinity with the Cystiflorae, Myrtiflorae , and 
Ericime , it may be regarded as constituting an intermediate group 
uniting all these different alliances. 

Family Crassulaceae. — Flowers hypogynous or epigynous, herma- 
phrodite, with a variable number of members in the different whorls ; 


6 

Pm. SrthhH «», Flower; h, flutter fn longitudinal section. ( - 4.) 

perianth differentiated into calyx and corolla ; undnecium nhdiplo- 
stemonous or haplostcmonous ; carpels KRi-.E or slightly united, with 
ULAKUULAll scales (disc), one at the base of each carpel ; capsules 
containing numerous small seeds with little or no endosperm. 
Succulent herbs and undershrubs (Fig. 5 8*2). 

Tin* an* i.l'iux of t’.b family arc easily it v'lusahlc liy their fleshy, entire leaves. 

Their Mowers are usually bright 
yellow or red in colour, and are 
arranged in eymose inflorescences. 
b|'.oi;|; VN1TCA1. DlSTKJ 1UTION. 
-The I'nissuhomc, like all succu- 
lents, thrive hc^t in dry, sunny 
situations. They are almost uni- 
versally found on rocks, walls, and 
roofs. The genus Serf urn has usu- 
ally pentamerous Mowers: Serf urn 
mv. , tin* Mossy Stonecrop. grows 
«>n walls and rocks, as does also S. 
7'M in at, the ( hmlcn Orpine or 
Li ve-for-ever. The Mowers of the 
genus sV uiftcnurum are d-x iner- 
ous. .v. tretvruMi the Ilouselcek, 
and otln r species are frequently 
cultivated. 

Fn*, Ui wmodurio. 1. Flowedug bmiu'li ; 

flower rut through longitudinally ; 3. fruit lntnuis- Family SaxlfragaCeafl. 

ver«e action : 4, lougitudirml section of KCt-d. (After ^ * . 

wonmmua Mower* pengynous or epi- 

gynous, hermaphrodite, with 
calyx and corolla ; stamens oltdiplostemonoup or haplostemonous ; 
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carpels, usually two, withcvt scales, and vnitkd, either wholly or 
only at the base. Fruit usually a capsule, containing numerous 
small seeds with abundant endosperm (Fig. 583). 

Ihe Saxifrayaccnc comprise & number of heil.:* and vctiody plants very unlike in 
appearance. The flowers are small, or at most only meuium-siml and aggregated 
into inflorescences. 

Geographical Distkiiu tion. — In Northern Europe the genus S ^ xt/rnmi 
widely represented by numerous species on the iooks and U ilders of mountains, 
Most of the members of this family are foun l in the Temperate /one, although :i 
relatively large number occur also in the Arctic regions ; Suxifraga fjrtt n u fattt , S. 
trifiactiflitcs, and JftirHtwsia )uluxf, is art' repiosenfatives of the family in tin* 
plains. Several species of the genus HiUes are cultivated fur the sake of their ft nit 
(e.'j. Ji. rubnnn , the Kttl Currant : Ji. nujnun, the Black Currant ; /.*. (/russni*>, in. 
the Gooseberry) ; while other sperms of the same genu * and other gem ru are fre- 
quently used as ornamental plants \bnsijrnim, H iirf ran<j€< , /Vd7udW/*/m,s, lkutiin\. 

Ofm* INAL. - Svut its R. nit M from Jiiitri n.inuun. 

The Hamamelidaceae, a gab* tropical family of woody plants with apetalous 
flowers, are very closely allied t<> the Sn.n/nnjmu m . OmriMI. j SlVItAX 
t.iqri in s. obtained from the balsani'eauals iu the cortex of l.iyuuitnnUtr nrUnlnlix. 

Family Platanaceae. Flowers MnNtn nus. with lit iumkm why miiASiM ; 
the male with it»:m * M> andnccium ; the femaV perigynous, with free carpels. 
Seeds without endosperm. This family includes only the single genus J'fohiinin. 
with but four species, all of which are tiees with scaly bark, paimalch lohed 
leaves, and sheathing connate stipules. The flow* r>, w hich are small and in- 
significant, are cluster* d into spherical heads with long stalks ; the fruit is « nut. 
JJnfntunt nnentahs, fi.cn Western Asia, mid /'. <nvn/* nfnh*, the Ametiean Pimm 
tree, are frequently givwn as shad* -tree*. 


Order IP. Rosiflorae 

Including the single family Rosaeeae.— Flowers perigynous or ej»i- 
gynous, almost always actinmnorphic : perianth generally |M*ntamorous ; 
stamens usually -M<>KK NfMKRoi s than the perianth leaves ; gynweium 
in perigynous flowers entirely Afoi’Aitl’ot in epigynoiu flowers with 
at least the njijwr part of the carpels free; seeds wrniol T KMxiM'KHM. 
Leaves Al.TEKN ATE, STIPfLATK (Figs. . r i84-5»l). 

The flowers of the Hiwumit may in all etises l>c derived without 
difficulty from the typical Dicotyledonous type, although it is shown 
in an unmodified form in only a few genera, t.<j. in ( fttUhjn (Fig. OHO), 
whose flowers are constructed of five jientamcrons whorls. The flowers 
of most of the species are characterised by the possession of an 
indefinite number of stamens, as a result of the splitting of the whorls 
and of the individual members of the andriecium. A similar multi- 
plication of the parts is also <>f frequent occurrence in the gy murium. 
A Hose with its numerous stamens and apocarpous gynu-cium con- 
sisting of numerous carpels may serve as the type of the flowers of 
the llmxcem (Fig. 584, C). Similar polyandrous, ap..carpoitB flowers 



* BOTANY 


PART n 


are characteristic of the Banunculaceae , but, as they are hypogynous 
and have the farts arranged spirally, they differ greatly from those of 




the llvmcMe. On the other hand, although less frequently, the flowers 
of | this family may suffer a reduction of their parts (Fig. 584, I)). 
Thus in the flowers of the genus Jlr/tt ntillo the inner whorl of the 




I 

Kit>. £>*5. * - Thi' 1 * ttuvvwi* cm through longitudinally to >lnm iliflorent form# of 

n^optarlPH. I, (Vumirwi* jxtiuttfiv; 2, AWfamilto tAfA.ut; 'A, Pint* main*. (After Focke ill 
Ntttia'l. Vfin tarn/amiUr*,) 

perianth is wanting ; the amlrtvcium is also not (infrequently reduced 
to a single whorl, in Alchamlia urmisis even to a single stamen, while 
in the l'nnwulme the gviaecium consists similarly of but a single 
carpel. Such reduced and modified flowers are linked to those with 
the typical or greater number of parts by all possible transitional 
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forms. The greater or les* degree of expansion exhibited by the 
floral axis, to which in particular the perigvuous and epigynous 
character of the flowers of the is due, has been in large 

measure the cause of the variability displayed by Uosaceom Rowers 
(Fig. 585). In the simplest cases the receptacle is flat or enshion-shaped, 
as in many species of Pv&tntttUu and bears the {lerianthdeaves and 
stamens on its margin, while the carpels are inserted on iU surface. 
In other cases, as in the Strawberry arid Kasplierry, the ventral 
portion of the receptacle is prolonged into a club-shaped protuberance 



to which the carpel* are attache.) (Fie. :,M, 1; 1 n other ui*os again, 

the receptacle is extremely co.tcave, cupular mPrunm a»<l Akhemdla 
(FV 585, 2). urn-shaped in the genu* #'**'• ^ ' ll: ‘‘pigynous flowers, 

Itch as those of the Apple (Fig. 585, :». differ from the ^ngynous 
flowers with concave receptacles, in that the carpels are adnata to the 
wtill of the receptacle. 

The fruit is sometimes dry, sometimes fleshy. If, >n conformity 
with the more usual custom, only the product developed from the 
carpels after fertdisation is termed a fn.it, a Mrawlierry must be 
regarded as a collection of numerous nutlets or Hellenes, and an Apple 
Z\ spurious fruit. According to the definition of a fruit wh.eh ha. 
been adopted in this book, in which the conception of the term fruit is 
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made to correspond with that of the flower, the receptacle, as being part 
of the flower, may also take part in the formation of the fruit. The 
Strawberry may thus be regarded as a juicy fruit with dry, superficial 
carpels ; while the Apple may be described as a berry. In other cases 
the fruit is capsular as in SjA/paea, or nut-like as in Poterinm. 

The Eosacme are herbs or more frequently woody plants, usually 
with conspicuous flowers. Their leaves are very often pinnate, with 



Flu. MZ.—KahuHfnttietM*. J, Flowering bnmrh ; loti^iiuriinul section 01 :i i ; 
a, fruit ; 4. floral Ulnimue. (After 

toothed leaflets ; when simple they are, as a rule, serrate or lohed, 
rarely entire. The stipules, which are scarcely ever absent, are some- 
times herbaceous, sometimes scale-like. 


Sew Kami mrh. — 1. Pomoiduie (Fig. --Flowers cpigyinms : fruit a l»t*rrv. 
(«) Carpels iu the fruit parchment-like : Pirns find. S<,rbus with two ovule,-, 
Cydtmia with numerouH ovules in each carpel. ■ f>} <mpcls in the fruit hard and 
stone dike : Mespitu-s, Cm tarsus. 

2. PoMmlme (Fig. 584, t\ I)). — Flower?. |»**rigynous ; carpel-, enclosed in the 
fruit by the receptacle. (<*) Receptacle Weoming hard in the fruit ; flowers tetra- 
inermis, small, destitute of corolla : Potnium, polygarnous with anemophilous 
flowers in capitate iu florescences ; $anguisvrhtt, resembling Pot (Hum, hut the 
flowers are eutomophiloua. and hermaphrodite ; AlchrmiUn , flowers w ith epiealvx. 
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(i) Receptacle as in («), flowers pentamerous, with corolla : Aifrimottw, Haqmia. 
(c) Keceptacle fleshy, flowers witu corolla : Horn. 



Fit.. ;>HS . — ( miAn*. 1, FJoimtih^ branch ; 2, a Honor rut through iotigituthnaU> ; 
fruit in longituiiiiml section. (After Wok»ii»i„o.) 


3. lluhoirtm* (Fig. 5*7 . — Flowers 
numerous indchiseent carpels : Paten* 
(if la, with dry fruit; Frayn fin, fruit 
when ripe consisting of a fleshy re< cp- 
tacle with dry carpels ; Hahns, carpels 
drupaceous. 

4. Spirocoulrae \ Fig. 5*4, K . * 
Flowers perigynous ; receptacle eon- 
cave ; carpels few, when rij*e capsular 
and many- seeded : Spiraea , Quit fa jo. 

5. Prunoidcac (Figs. 584. Ji ; 58* . 
— Flowers perigynous, with one carpel : 
fruit a drupe : Pry n us. 

6. Chrysvbafanotdcac. — Flowers 
frequently zygomorpliie. 

(JKOtiitAriiK’Ai. I)i> i mm tk»n. -- 
The Jlosaccac , although distributed 
over the wliole globe, an chiefly re] ’re- 
sented in the Temperate Zone : in 
the Tropics, with the exception of the 
Ch ry subala no i dear, they are confined 
almost entirely to the high mountain 
ous regions. The Hamcrae have con 
tributed largely to the list of culti- 
vated plants: the Fear, Pirns oo«- 


pcfigviioiis ; receptacle flat or convex, with 



Flo. :>H\K - Qmithts* **n*a Orta tSAt. 
(Afu»r gcatnu** and Arthur Mkykr.) 


munis ; the Apple, Pirns M a fits ; the 
Quince, Cydou io vulgaris ; the Medlar, 

Mespilus ycrmonica ; the St raw Wry, species of Fragaria ; the Raspberry,* Black- 
berry, etc., s)»eeies of Ilubvs ; the Wild Cherry, Prunus avium; the Dwarf or 



Pw. Ml.— <tbywtntai. Inflorescence (i nat. *it«).~Orria#AL, (Alter Beho and Schmidt.) 
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Morello Cherry, Pr. Cerasus ; the Wild Plum, TV. domestic* ; the BulUce Plum, 
Pr. insititia; the Apricot, Pr. armnuaca ; the Peach, Pr. persica; the Alxuond, 
Pr. Amygdalus. The Rosauac include also many ornamental plant', e.g. various 
species of Ros i, Crataegus. Potent ilia. Rubus Spiraea, Kerri*, Prunus, etc. 

Poisonous. — The seeds of nrnny tpecies contain prussic acid, although usually 
not in dangerous quantities, if eaten when flrst ripe. The leaves of the Cherry- 
Laurel ( Pruntis Laurocerttms) also contain prussic acid, and when eaten they act 
as a poison. 

Officinal. — Cydonia vulgaris affords Skmky Cyooniae and Mi cilago One** 
niae. Hagcnia abyss in ica (a dioecious tree native of Abyssinia, with greenish 
female flowers v liose epical) x and calyx turn red after fertilisation) yields Flukes 
Koso (Figs. 590, 591). Flukes Kosak, Oleum Kusak from Jhm a nUfolta ; Sykujts 
Ruki idaei from Pubus idaeus; Amyc.oalae hulues, Amygdalae amakak, and 
Oleum amvgoalarum from Prunus Amyytlalus ; Pulka rnrxoiu m from /V. 
domcstica ; Aqua Lauiuk ekasi from Pr. Lnu rasas ,* oYeri'ts ckkAmmum from 
Prunus Cerasus ; Quitlaja So yon aria /an evergreen di«cci**m< tree .ndigeiioua to 
Chili and Peru (Fig. 589) yields Coiitkx ^uillaul : Fi.«»s Srinuu; from Spiraea 
ulmuria ; Folium Ruki fkuticoni from flubus j ratios, ts ; Rimxuma t«u:mks- 
TILLAE from Potent ilia torment ilia. 

Order 20. Legruminosae 

Flowers hypouynoi a or slightly pkukjynous, actinomorphic, or 
more frequently* zygumorphic ; perianth usually pentamerous ; median 
sepal anterior; andnecium diplostenionous, rarely consisting of an 
indefinite or reduced number* of stamens ; gymecium of one carpel, 
generally with many ovvlks attach ko, in two nows, to thk 
VKNT ltAL SUTCKK; fruit usually a I.Kot mk. Seeds mostly without 
albumen. Leaves generally compound, STIITLATK. 

The Leyu mino&ae, with uctinomorphic flower-, resemhle the nmiiooarpeihiry 
Rosareae, but they may he distinguished from them bv their unexpended dr only 
slightly enlarge I receptacles, ami by then f*wit. 

TJie structure of the flower is also as varied in the hyumintmt as 
in the Itosifforae. The Mimosa era r have actinomorphic flowers ; those 
of the Cumlpiniacear are sometimes only slightly irregular, sometimes 
more distinctly zygomorpbic, leading by gnulual transition to the 
highlv zygomorphic flowers of the J'apil ionaeeiu. These differences in 
the structure of the flowers are chiefly due to tin? various forms as- 
sumed by the corolla, in part also to the unequal development of the 
androecium. The stamens arc sometimes straight, sometimes curved, 
united or free, usually ten in number, but at times reduced by 
suppression or increased by division. Oil the other hand, the 
gymecium and flower-axis, to the variability of which the diversity 
of form exhibited by the flowers of the Jlmiflorar is so largely due, 
are very uniformly developed in the Lynminome, and take but small 
part in the various tpodifleations met with in the structure of the 

flowers. * . , 

Unlike the flowers, the fruit of the Ugumwmt almost always 
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presents the same structure. In the majority of cases it is a many- 
seeded legwpe, rarely a dry indehiscent fruit, or it may l>e a berry or 
JBpe. Even when thus modified, all the forms of the fruit bear a 
certain degree of resemblance to each other. 



Kio. Catrehn ($ nat. si *<*).-- (f/’/vr/.v.*/.. (AfUr Bkiu; ami 8 ch.mii>t.) 


The infiorescences an 4 , most generally racemose ; racemes, spikes or 
capitula, with in all cases late ml flowers. The leaves are scattered, 
usually pinnate or bipiunate, with leaflets either entire or slightly 
toothed, never deeply lobed or incised. Simple leaves are of rare 
occurrence in this order, and are usually small. 

Just »s i*» must of the more natural orders, the attempt to divide the Legu- 
mimmte into families is attended with difficulty, os the extreme forms are linked 
together hy all possible intermediate stages. The whole order is in consequmce 
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sometimes regarded as a single family, in which the mail, group. Uke the petition 
o sub-families. In their typical rcp.-esentati ces, however, Lm gwu, 

famiUet “ X deVel ° p9 ' 1 th “ U *» ""wider thecas distinct 


Family Mlmosaceae.— Flowers actinomori-hh’ ; corolla absent, 
or if present, with petals valvatk in the bud ; androecium haplo 



Fin. — An win Srurthd. Flow<*rinj; branch (tmt. Kir,, 5Wi. Flora) iltaKrniiiH of fV«r«t/j>o 
si/v).—UFFJci.VAl.. (After A. Mf.vkk ami Hew*. «»rvor F A, Orrin nUiijmtxlrunt : H,Tntnar* 
MANN.) /'mlffA iwt/bei. (After Kl» HUSK.) 


stemonous, diplostemonous, or polyatemonoua, uspally with fkkk 
♦stamens j embryo straight (Figs. o02*594). 

This family consists for the most part of shrubs, bancs or *mall trees, with 
<loul>ly pinnate leaves, or, as in many Australian sjtwies, with phyllodia. The 
flowers are small, in dense heads or spikes, whose bright, usually yellow', colour is 
due to the long stamens which project beyond the inconspicuous }*crianth. The 
more important genera are Acacia and Minima. Hntli genera are larg dy represented 
in the Tropics. Mimosa jmdica, the Sensitive Plant, is a troublesome and worthless 
weed. In Australia the Mimosaccar occupy an ini}»ortarit position, and together 
with Eucalyptus trees they form the chief part of all the woody vegetation, while 
in the dry regions of South Africa, in the form of thorny shrubs {c.y. Acacia 
JmrrUla), they often constitute the only woody plants. Acacias are largely culti* 
vated as ornamental trees in the Mediterranean region. 




F:o. Tnmarimim* <n<f en (? at. »!«•). — Orrtcfx.il, (After IIcho at.d Schmidt.) 
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Officii xl.— A cacia Senega* t a shrub native of the Nile countries and Senegal, 
yields Gitmmi arabicum. The gum, which la formed by the disorganisation of the 
stem-parenchyma, exudes as a thick fluid from wounds in the stems, and after- 
wards hardens (Fig. 593). Oatecwt is an extract made from the heart-wood of 
Acacia Catechu (Fig. 592) and A. Sterna (East Indian trees 4 -. 



F .„ (j ,..t. *i*e>. -OmUSAL. (After »*«> and St HMWT.) 


Family Caesalplniaoeae. — Flowers more or less zygomorphic ; 
corolla sometimes absent, when present, NOT AT ALL OR ONLY IMPER- 
FECTLY PAPILIONACEOUS, with AMENDING IMBR.CATK /ESTIVATION 
(,>. the posterior petal overlapped by the others) ; umln»cmm with 
FREE STAMENS, often reduced. Embryo STRAIGHT (Figs. 598-600). 

The Cormlpiniaeeae are shrub, or tree*. s»d, unlike th 'PapiHmavae, often have 
bipinnlte leaves. The flowers .nay be large or small. The,r corolla is vanoualy 
constructed sometimes actinomorphio (r.g. Coma, the rygomorphie character 
of whose flowers is due to the andr«cium), somrtmie* strongly tygomorphtc 
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( Tamarindus), but very rarely somewhat papilionaceous ( Cercis Siliquastrum). 
The member#df this family, whose largest genus is Cassia , are almost exclusively 
tropical. The coloured heart-wood of many species gives them a great technical 
value (Logwood from Haematoxylon campechianum, Pernambuco or Brazil Wood 

from Caesalpinia brasilicnsis). The Judas-tree 
( Cercis Siliquastrum ) from Southern Europe (with 
flowers springing directly from the stem), and 
the Honey Locust ( Oleditsehia triacantkos ) from 
North America, are often cultivated in parks and 
gardens. 

Officinal.— Foma Sennae, the leaflets of 
Cassia anyustifolia (from tropical East Africa and 
M Arabia). Folia Sennae Alexandhinae, from 
C. amtifolia (Fig. 597). The officinal species of 
Cassia are shrubs with yellow • flowered racemes 
(Fig. 597). Cassia fistula (Tropical America), 
Fuirorrs Cashiak Fistulae and Pulpa Cassiae 
F I. STD lae. Cassia obovata (Egypt), Fiiuctus Sen- 
nae. The balsam-canals in the wood of Copaifcra 
ynianensis (Fig. 599) and other species (trees of 
tropical America) contain Balsam dm copaivae. 
Khatany Root, Rail Ratanhiae, is obtained from 
Krameria triandra , a Peruvian shrub. Lic.num 
Haematoxyli is the heart- wood of Haematoxylon 
otmpcchiataun (South America). Pulpa Tamakin- 
ihikum is the preserved fleshy mesocarp of the fruit 
of the Tamarind-tree, Tamarindus indica (Figs. 
59*. 600). 



Family Papilionaceae. — Flowers 


ial 


(©)> 


mi 


Flu. HOC. — 7'<« m it i i ml ns i ml i at. 
Fruit in longitudinal section. 
St, Tin* rtenhy iiieHoearp .-- nmch 
s a i. (After Hkko ami Schmidt.) 




Flu. 001. - Floral diagrams of JUffiiliniuifroe . 

I’ii'in /.*, < iithii$ l(ibnninM. (After Eichlek). 


strongly zyoomokpuu\ papilionaceous : corolla with descending 
IMBUICATK ESTIVATION the posterior petiil enclosing the others in 
the hud) ; andreecium always diplostenionous, monadelphous or more 
frequently dia DKLPH or s, the posterior stamen being free ; the embryo 
curved (Figs. 601 - 608 ). 

The I'apilioitaceac comprise lmth herbs and woody plants ; many 
are stem- or tendril-climbers. The leaves are generally oddly pinnate. 
The tlowers are usually disposed in racemes, more rarely in heads ; 
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except m some few genera which approach more nearly the Cats- 
alpinuuxae (t.g. Tnluifera), they are characterised by papilionaceous 



J V;. iW£.—h4n* J, Flowering branch : '2, u thrai*r ; 3, amlro-clum aim] 

gymediun ; 4, oarix-l ; fruit ; «*., corolla ; «», MtamlarU ; h, win*;* ; c, k*«*l ; 
7, floral diagram. (AlVr Womkim.0.) 


corollas (Fig. 602 ). The posterior petal is much enlarged and is 
termed the standard (vkxilm-m); 
the two lateral petals represent the 
wings (al.k), while the two anterior 
are usually united by their lower 
margins, and together form the KKKI. 

(Carina). In the bud the wings are 
enclosed by the standard, the keel 
by the wings (DESCENDING LMHKICATi: 

.estivation); in the Vimalpiniurme 
the aestivation is in exactly the reverse 
order (ascending). The stamens in 
most cases curve upwards. The co- 
hesion of the filaments does not gener- 
ally extend throughout their whole 
length, so that their upper ends are 
usually’ free. Stamens wholly free 
are found only in a few exceptional 
genera, such as Tduifrm. The legumes 
commonly have a parchment-like wall ; dry mdehiscent fruits rarely 
occur in this family ; succulent fruits never. 



Flu. T'Juiftnt 1'errlrnr. An anom*- 

low* flower. One jm-IhI 

(th*' atari'lard) enlarged, th>»othfr* »mall. 
Stamen* oi ly united at the bane, *- 
met SAL. (Enlarged. After Hr. go 

and Schmidt.) 
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Sitb-Fahjuks.—I. Genistoidcae.— heivea entire, simple or pinnate, stamens 
usually unitear Lnpinus (Lupine), Cytisus (Laburnum), Genista . 

2. Trifolioideae. — Leaves usually pinnate with toothed leaflets, fruit inde- 
hiscent. Trifolium (Clover, Trefoil), with persistent perianth ; Medicago (Medick), 
with deciduous corolla and sickle-shaped or spirally-twisted legumes ; Trigonella 
(Trigonel) ; Melilotus (Melilot, Sweet Clover), with flowers in loose racemes and 



Flo. (MH.—Coi'oniila tvn-m (nat. wi/j*). -Voimsovs. 


small, elongated or globular legumes; Ononis (Rest-Harrow), with monadelphous 
stamens. 

3. Lotonhnr. — Stamens diadelphous. Ant/njlfis Kidney- Vetch) ; Lotus {Bird's - 
foot Trefoil), etc. 

4. Galtgaideae.— Leaves imparipinuate. Astragalus (Milk- Vetch), with legumes 
imperfectly separated by a false dissepiment ; Pobinin (Locust-tree), etc. 

5. Hctlysaroideat. — Stamens diadelphous ; fruit a jointed legume or lomentum. 
Coronilla, Hcdysarum , Iksmodiu »i (Tick-Trefoil) ; UnobrychU (Sainfoin) ; Arachis 
(A, hypogrtea, the Pea-nut), etc. 

6. Vidoidtae. — Leaves paripinnate, often terminating in tendrils. Vicia 
(Vetch), leaves with many leaflets ; Latftyrus (Vetchling), usually with only two 
leaflets ; Pisum (Pea\ etc, 

7. Phauotauime, — Climbing plants ; leaves usually imparipinuate, frequently 
ternate. Phymstigma ; Phaseolus . 

GaouUArmcAL DlsTittBCTtoK. — The large family of the Papilwmceae is not 
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exclusively confined to any zone. The steppes of Western Asia are especially rich 
apt ionaceous plants, represented in particular by shrubby species of Astmgalus 

^I»ntl!*r a 'v ra8ar,Ultl !. i80 ' ,tained The leaflets of th/phmate leaTes'oT the 
® 8 r rt* «'entuallv fall off (run the main stalks, which remain attached 



Fio. <K). r *. —Ghfcyrrh i zu glahra Oj nat. Hi**). - f >rri{iSAi, (AfU*r Ilewi and Wo tf Mint.) 


to the stems, and resemble long thorns. The gum in produced by the disorganisa* 
tion of the stem-f*arenchyrna, and exudes as a viscous fluid when incisions are 
luade in the stems (Fig. 606). The most iim>ortant cultivated plants *rti~~Pisum 
sativum, the Pea ; Phased us rultfaris, the common Kidney or French Bean ; Viein 
Faba, the Broad Bean ; Ervum Lens, the Lentil ; Dolichm Soya, the Soja (Soy) 
Bean of Japan and China ; huiigofera species, Indigo (Tropics). 

Poisonous.— The seeds of the Laburnum, CyHsus laburnum (Fig. 607), a 


'll 


r 

1 


Kl<*. 007. - * Laburnum. Flownrinj; 

hranrh and young l«jgui»:eM (3 nat. hizr). 
- l'oi*o.vor a, 


J 



(fiir. 604), an herbaceous plant aith un.U-1. «( rose-coloured «.»•»*. •• 
considered poisonous, an. I the familiar ornamental clin, Ur, II utmrm 

Orri. tw. ..-Astragal.,* species, from ahirl. Tkaoacasthv is ohtamod. The 
stolons Of' (llycyrrhiza glahro, an herWcot.s |srenni.l of Southern Knro|s. eon- 
stitute Liquori/e Root, Kao. Lw ...... a*. From MrhMun ..ficviaU, is obtained 

Heuba Mbmloti : from Trig**"* ’> r " e ' um ’ ***** FoKN " ,,;AK< ' ; 

Ononis sjnnosa, Rai.. Onus....*: S.abtb.n. m from w 

the seeds (Calabar Iwans) of Fhysostigmn renenosum, • climbing plant of West* rn 


578 


BOTANY 


PART II 


Africa, is derived the alkaloid Physostigminum. The stems of Andira Araroba, a 
tree native of frazil, contain Chrysarobinum in the form of a powdery excretion. 
The heart-wood of Pterocarpus santalinus, an East Indian tree, yields Red Sandal- 
wood, Lignum Santali kubrum. The dried sap of Pterocarpus marsupium 
(East Indies) provides Kino. Myroxylon toluifera ( = Toluifcra Balsamim), a 
tree growing in South America, has cortical balsam - canals which yield the 
Balsam of Tolu, Balsamum toj.utanum ; Balsam um peruviaxum, the Balsam 
of Peru, is supplied by M. Pereirae ( = Toluifera Pereirae) (San Salvador) (Pig. 
008 ). 


Km. tHH*. - Floral diagram of 
Ornolhtrv (Onaynumf). 


Order 21. Myrtiflorae 

Flowers perigynous or epigynous, usually actinomorphic ; 
pc00h mostly TKTRAMKRoUS ; andnecium variable; gy noecium 
ENTIRELY SYNCARPOUS; ovary septated ; seeds 
devoid of albumen. Leaves generally oppo- 
SITE and EXSTIPULATE. 

If L /gy The flowers of the Myrtiflorae are very 

if similar to those of the Rosiflorae. Both orders 
^ V ® are ^Factorised the variability displayed 
in the structure of their Bowers. In both 
orders the flowers are actinomorphic, peri- 
Kn*. »hh*. — K iomi diagram of gynous or epigynous, and have a tendenev to 
onwthfwOhiugmnif). increase the number of their parts by split- 
ting, particularly in the amlrwcium, which in consequence becomes 
polyamlrons in the majority 

of the Myrtiflorae , just as in jj jf 

Rosiflorae . The main difference A (j & I 

in the structure of the flowers \ !' 

of the two orders is exhibited ). |) 

in the gyweeium, which in the A PA 

liosiflorae consists, at least in \ I 

the stigmatic region, of free / 1 ifn 

carpels, while in the Myrti- F jft jPJ® 

florae, with the exception of A 

tlie group llalorugitlareae , the / /A / nj\\ ; J 

union of the carols is com- j A \ rt / -Vi'l : Jr \ 
plcte, extending also to the ^ ^ i 

8, X . . 'MM ^ 

the vegetative organs of 30®* C i* n 

this order in no wise resemble j ^ 

those of the Rosiflorae. The 1 

Myrtiflorae, on the contrary, 1 

have usually opposite, entire ^ 

leaves, never compound ; the »■>.. Fiwm (nut. *\w). 

leaves also are either exstipu- 

late, or the stipules arc small and fugacious. In this order, unlike the 


Fl<- Flower* (nut. .size*). 
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Bmifiome , many of the plants possess internal glands, which secrete 
ethereal oils. 

Family Onagraee&e. — Flowers 
MEROUS THROUGHOUT ; stamens 
D i plostemonou s (Figs. 609, 610). 


kpjgyxous, actinomorphie, TKTHA- 
OB- 


The Onwjracetu include oniy herbs and 
shrubs. Their flowers are usually large and 
conspicuous, having often an elongated, tubu- 
lar receptacle. Their fruit i$ many -seeded, 
and may he either dry or juicy. 

Rkcuksentative Genkha. - JSpilobium 
(Willow-herb) has a capsular fruit with hairy 
seeds; Circacn (Enchanter’s Nightshade i, with 
two-ranked leaves, fruit a nut ; Trapti (Horn- 
nut) ; Oenothera (Evening Primrose); Fuchsia (Fig. 610,1, with corollaccous calyx 



>o. ell. .1, Floral diagram of hinien 
ffiytMitnw. Jf, Longitudinal see! Ion «>{' 
the ovary of the same plant. < After 
Kn.mv.M ) 



Km. -Fmmmxi. gmmrtea i <$ «ttt. nti*\~VrrtciXAL. (Aft<*r 11**0 ami « MMfirt.) 


and tubular receptacle, cultivated. These are chiefly represented in Noithcrn 
Etiroi>e by the red-flowered specie, of Fpiiobium, which glow in damp places and 
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on river-baaks ; and by two large yellow-flowered species of Oenothera from North 
America. ' 

GkooraS[$oal Distribution. —The Onagraceae are native chiefly of the 
temperate zones of North and South America. 

Family Lythraoeae.— Flower hexamerous, perigynous, Lythrum. 

Family Haloxagid&ooae.— Water plants with small, simply constructed flowers, 
Myriophyllum , Hippuris. 

Family Punic&ceae.— Comprising only the genus Punica , with two species. 



Flo. 013.- Knytnin (jj imt. *ue). To the left, longitudinal section 

of a flower bud, enlarged. (After Bf.rg and Schjmiut.) 

Arnica (Jranaiuiit, the Pomegranate (Figs. 611, 612), is a 
small tree with scattered, entire leaves; it grows wild in the 
Fast, bat is frequently cultivated in* Southern Europe. The 
flowers are epigynous ; they have fleshy, red receptacles, five to eight, also red 
aud fleshy sepals, and an equal nuralx»r of bright red petals, which arc crumpled 
in the bud; numerous stamens; scmkhou* united carpels mnfosei* in nvo 
whorls. The fruit is a berry ; it retains the jiersistent calyx, and is tilled with 
numerous seeds, whose succulent testa represents the edible portion of the fruit. 

Officinal . — Punica Granatum , from which is obtained Cortex Ghanati. 

Family Myrtace&e, — Flowers kfioynovs, actinomorphic, with four- 
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to five-merous perianth and usually Ni merges stamens. Evergreen 
woody plants containing ethereal oil s (Figs. 613, $14). ^ 

The plants comprised in this family aie shrubs or trees, which are 
provided in all their organs with rmndish glands containing ethereal 
oils, which give them an aromatic \ A i J: 

odour. The possession of ethereal . " • / m 

oils is the most distinctive charac- 
teristic of the family. The leaves 
are opposite, entire, and ‘ of an 
elliptical shape. The flowers, which 
always have both a calyx and corolla, 

•are solitary or clustered, and often 
very conspicuous. The corolla is 
usually white ; it is sometimes re- 
duced, and its function as an organ of attraction is assumed by the 
androecium, which acquires for this purpose u bright, usually red 
colour. Some species have haplostemonons or nhdiplost emotions 
androecia ; from such species, ns is apparent from the transitional 
forms, tliose with polyandrous andnecia have lw»en develo|>ed by tin* 
division of the stamen-rudiments. The fruit is succulent or capsular, 
rarely nut-like. 



I'm. »i|4. -- l-lornl diagram. 
Mfllifis runiHW/lt* ; /.\ 

( All «*r Firm r»- I 


The Mi/rfacca*' art) confined to wanner countries. Europe possesses tin- single 
s|M*uies Mu Hit 8 cmnmunia, tlie Myrtle. This family is especially rharnetiMistic of 
the Flora of Australia, in which it forms the most striking feature as reganK t he 
number of species and individual*, including, m particular. the Kmalyptus live, 
which often attains a greater si/** than even lh>- giant Conifers nf fall forma. Of 
late years Eucalyptus trees lm\« heen largely |»h*iit*d in all warm, malarial 
-countries. Many produce delicious fmit, *.*j. Guava. f’aitNum Uuaro. From other 
species spices are obtained. Cloves are the tlower-huds of Euyniia, a small tree 
indigenous to the Moluccas, hut cultivated in most tropical countries Fig. Hid): 
Hie stalk of^hc dor« corresponds to the ivcoptach* oi the itonvr. The fruit of 
iliothor tfee of the .sauic genus. /;. known as allspice. 

Offhtmat- Cabvwhym.i (Cloves) rand Our vi C\itornvi.uuu M from Emjaiiu 

urmnatiea; Folium Ei’oa i YOTt from Enaihjpfus <jtubuhis (Australia, cultivated 
in Southern Europe) ? ULECM G*.n rrr| from M*1uUun, tcvwfalefidron 'Australia, 
Tropical Asia). 4 , 

Jrder 22 . Hysterophyta t 

This group, which is merely provisionally include* 

chiefly plants that arc parasitic. Flowers epigywms, With simple or 
double i>crigoiic. , 

Family Aristolochiaceae. — Flowers actimmiorphic or more ;fre*> 
-quently zygomokphic ; with aim pie corolhwgotts perigone counting of 
three coherent members ; andrmcium usually of six or twelve stamen*, 
which are either free or united Ut the style (gynost^mium) ; ovary 
four- to six-locular ; fruit a capsule. Hert* and lianas Nor PARASITIC 
(Fig. 615). 
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This family comiprises chiefly tropical plants with cordate or reniform leaves, 
represented la^jpkirope and North America by the genera Asarum ( A . europcteum) 
(Fig. 615) and Aristolochiu ( A , clemMtitis). Aristolochia tipho, the Pipe-Vine of 
North America, is & frequently cultivated climber. 

'The trio families, Raffleaiaceae and Bal&noBhorace&e, are leafless, often Fungus- 
like, root parasite/ entirely devoid of chlorophyll. The first-named family has 
solitary flowers, often of an enormous size. The flowers of llafflcsia Arnold i 



Flu, 01.'*. .fWew I, Flowering hIkwI ; 2, flower cut through longitudinally ; 

3, floral diagram. < After Wossiomi.) 

(Sumatra) are the largest of all flowers, attaining a diameter of 1 metre. Both 
families are almost exclusively confined to the Tropics. 

* Family Bantalaoeae. — parasitic jdauts with green leaves. Mainly tropical. 
Thesium in Europe. 

Officinal.— SantalMm nlbum, a parasitic tree growing in East India yields 
the valuable scented tfandahwoqd, from which oil of sandal-wood, Oletm S.vntau, 
It obtained by distillation. 

Family Loranthaceae^ .-^I^af/ shrubs parasitic ox treks (Fig. 616:. 

Hie plants of this family are mostly tropical. toranthu* enroparnt occurs 
U|K»n tfcka in Eastern Europe. Viscum ah>um, the European* Mistletoe, is a small 
evergreen, dichotoinously brandling shrub, parasitic upon various sjiemes of trees. 
It absorbs its nourishment by means of haustoria consisting of root -like strands 
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concealed between the cortex and wood of the hoslA^iuieh, Th# flower*, which 
open in spring, have a tetramerous gmn pengon*, to which the porieidal father* 
are adherent. In the female flower an^ difft icntietion between placenta and ovules 
is wanting. The white berries produced by the female plant* aye eafal by bilib*, 





Fv !. - I’intum uUtum. I, JP*rt rtf J^oot with fwnatfl flower* «tvl fruit ; 2, grouj* 

of flower*; 8, » flower; 4, fenuih' flower cut through IcmffltuUlimUy ; 

\ Ionffitwloi.it weniou of fruit. I'Qtmtsoca, (After Wrwwwu*,) 

which in freeing their bills of the sticky endocatp, by wiping theru^on the bark of 
trees, aiv at the *au»e time instrumental in distrihutiug the iicd*. 

Puisoxous. — The berries of /Vj «rw#n album when eaten by children hare been 
known to produce Hyiuptom* of poisoning. 


Group 2. Sympetalae 

Perianth consisting of a calyx and an almost always svMPETAboi h 
COROLLA. 

The dowel's are always cyclic, and in the majority of cases con 
structed, actually or theoretically, according to the formula *K5 f 
C(5), Af>, (*(2), TBK SfAMKNS AlfE ft KX Kit ALLY l&SKRTKO OS TttK 
corolla. The fact that the gyinremm consists typically of only two 
carpels, must lie regarded as the result of reduction, as flowers with 
five carpels sometimes occur. 


Order 1. Ericinae 

St 

Flowers usually hyimgynous, actinomorphic ; formula, yin, Cn, 
A2n, G(n), in which n is usually 5 ; corolla sometimes choripetalous ; 
andra'cium obdiplostemonovn, not aiinatb to ilffi coRdiu j pollen 
usually in tetrads; ovary mvltiia* iti.au. Leaves needle-sl»fp#d <£ 
lanceolate. , , * 

Of all the Sym/*/rtV the Eriritwr approach most closely the 
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Cfytffipetalae, qot infyreqittntly having free petals, while the stamens are 
inseriefl 4 <|irectly on ihe receptacle. They fotm'n very natural group, 
whose close affinity is exhibited, not only the structure of the 

flowebs, *but also in tW vegetative organs The axes are nearly 
always woody, usually comparatively short, and branching profusely 
jlose to the gropnq. The leaves are generally small and entire, in 
most cases leathery ami evergreen, The flowers are always adapted 
to lnsect-poPmatipn / they aif, often quite small, but that Case are 
aggregated in conspicuous f tac ernes, usually of n? white or crimson 
colour ^ r f he wteds ye small \ , * 

family* Ericaftepe. — Flowers tiypqgynoug or eplgynous ; corolla 
V* 4 * $ f usually sxMvK^AtOl 9 ; stamens free * anthers 

opening by* pores 01 short slits ; ovary with 
W tiwiiTOLT &e1>AuaTed LOCULT ; placenta not 
yearly thickened. Seeds with segmented 
embryo f|iga Cl 7, 618). 

The anther^ of many plants of this family 
have homdihe appendages (Fig 618), the 
whole order is therefore sometimes inappro 
pfiately named Bicmibes. At their upper e\ 
tremities the thecae aro usually free and 
divergent. The pollen-grains cohere in tetrads. 
'Urn fruit is U capsule, ben.v, or drupe, containing v^ry small seeds 
with abundant endosperm As regai < Is the VfijjeJtatiVB parts, the 
Bxuntme arc typical of the order. » 

Sin^F KT * TT l R8, — (1 ) Ilhododcnth otdeat 1 low pis h) r pog\ noua* Corolla fngat ious, 
anthers Wifliout appendages , gepticidal eapsuh s. £«kumy WiModnuLon Azalea , 



tKfceir. Fi<jwrt «nagr^t of 





I to fils Intwlof&ifl « i w 1 MoVenng Giant h - flow* r> tn ion^ittulmal v< turn 

A, jMtllni gnUrm t 4, fruit t r i fruit in tiuii*vqr*e nuti >i» tntt/xu l \ft« r Hm nwl “v hmidt > 


etc. (2) Arbutoulcac Flowers h\ |»og\ noils ♦ rniolla fugauous , ant 1ms mostly 
appendtculatc , Uk uliculal capsules oi nuctuhnt Units Audi omnia, Antoitaphylos, 
ct< (d) Ei teotdeae* 1 lowers hypog^nuus* eoiolla jmsistent , antlms mostly 
uppeixhctilate , fruit a capsule. Colima, tal> \ longer than tin torolla tapsules 
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septfeidal. Erica, calyx shorter than the corolla ; capsules locuBddal. (4) Vat* 
cinioideae. Flowers epigynoas ; fruit a berry. Vatxiniuvi, etc- 

Geographical Distribution. -T in plants iriluded in this family are found 
widely distributed over the whole earth. Species of 'Mriemdtae known as Heather, 



Fio. aatto (J iuU. hi*).- "rrvtSM.. (Afkr m m *k*s tm\ A. M#:vr.K.) 


<v aHuml r«/yart., and different species of JSSrw*, cover wide stretches of dry «mmd 
(heaths) in Central and Western EurojK*. 

The various species of £ricu, frequently cultivated as potq.lenta, are mostly 
from Southern Africa, where this germ* i» very l^g"'/ reprinted and exhibit* a 

wonderful richness of colour. . , 4 . , . . 

Poisonous.— The epeeiea of AWWou/ron and A'.'iUa contain tone principle, 
in all their owans. The incautious use of Mum palurtrr (llerba Kostntmii 
vestrllr^ often had fatal coosequemws. I» is a small ahru*. *UH umbel, of 
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white flowett and Hnear leaves covered on the under side with rusty brown 
hairs. ■ f * 

Offwiw^I. — A rctostaphylos Uva ursi , the Bearberry (Fig. 618), a small ever- 
green shrub with bright red campanulate flowers and small red drupes, yields 
Folia Uvae Uitfli. Vaccinium myrtillus yields Fbuctus myrtilli. 

Family Pyrolaceae.— As in the preceding family, except that the 
placentae are very fleshy and the embryo not segmented. Humus 
plants with or without chlorophyll : e.g. Pyrda (Winter-green), ever- 
green perennials with racemes of white flowers ; Mmiotropa hypopitys. 

Order 2. Diospyrinae 

Family Bapotaceae. — Tropical trees with latex in secretory cells. Officinal.— 
GtrrrA-VEUOHA, the dried latex of species of Palaquium (Malay Archipelago) 
(Fig. 619) and Payena |» .A 

Family Styraoacea^— The origin of Benzoinum, a resin procured by making 
incisions in the bark o rfityrax Benzoin, from this plant has of late been questioned. 


Order 3. Primulinae 

Flowers HYPOGYNOUS, actinomorphic, K5, C5, A5, Ct( 5) ; andrue- 
cium adnate to the corolla, EP1PETALOUS ; ovary unilocular, with 
FREE CENTRAL PLAOKNTATION. 

The Primulinae exhibit the greatest diversity in their vegetative 
structure. Constant characters appear only in the flowers, which, 
however differently shaped and grouped, always have an epipetalous 
andrcecium and a unilocular ovary with a central placenta. Of fill 
the other Sympetalae , the Uirindariawae alone have similar placentae. 

Family Prlmulaceae. — Calyx herbaceous ; style simple ; ovules 
NUMEROUS; fruit a capsule (Figs. 620-622). 

The plants of this family are for the most part small herbs. The 
flowers are sometimes small and inconspicuous, sometimes large and 
beautifully coloured ; they are either solitary or grouped in inflores- 
cences. The capsules split at the apex into valves, or the whole top 
falls off like a lid. 

Representative Gkneua.— Primula (Primrose, Cowslip), with rosette of 
radical leaves, and flowers in umbels ; corolla with long tube ; capsule opening by 
valves. Androsace, like the preceding, except that the corolla has a shorter tube. 
lysimachia (Loose-strife, Moneywort), stems with well-developed iuternodes and 
leaves. Amyallis (Pimpernel), fruit a pyxidium. 

Gkoo k aph u* a i . Distribution. — Most of the members of this family are 
indigenous to the Tern perato and Arctic Zones of the Northern Hemisphere. Various 
s{wcies of Primula {P. acaulis, auricula , sinensis, etc.) and Cyclamen, etc., are 
cultivated as ornamental plants. 

Poisonous.-— The tubers of Cyclamen curopacum, the Alpine Violet, which occurs 
wild in Bavaria, are harmless and edible when cooked. Anagallis arvtnsis (Poor- 
man *s weather-glass) and A. eorruka are slightly toxic. The glandular hairs of 




KIG. •'•2l.~Vrirn»humt, Fk;. i 1 # Fkm*rtn;j brunch ; t , it fluwrw <rtat thrrrtgb 

Floral Ui*jcnui»(fVv )<»>Kita<linally. nbowinK tb* flWUral {ihuwiite; S. cmpnufa ; 4, mwI.~» 

I*wm.wk (After Wo«miuu>,) 
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Primula obeonica And P. sinensis may give rise to inflammation of the skin or 
conjunctiva. ! 

Family Plumbaginacsae.— Flowers with dry and membranaceous calyx, divided 



Ku». *>23. .irwm'n rttUptiiti 1, Klow»‘ruf< plant ; 2, h flower; 3, ralyx \utli tin* 
pr<\j<wtinj< ; 4, gynuTluia with ovary cut* Ihiotigh hjinotu<UnaH> . «‘li*»w- 
ing the a I rig If* ovnlf : ft, floral Uiugrain. (Alin Wohhiulo.) 

sty If, and one oyulc. Fruit a capsule. Hfrb.s. The dry calyx i* usually brightly 
coloured ; the small flowers are aggregated iutocuiispicuotit' inflorescences. Mainh 
halophytes. Statiee, A nutria (Fig. 62S?. 


Order 4. Contortae 

Flowers hyjiogynous, actinomorphic, with the formula Kn, Ciu 
An, G2, in which tt= 4 or ft; corolla frequently with (oXTORTKl* 
.estivation ; and nudum aduate to the corolla. Leaves opposite, 
ENTIRE, 

The ( ’onforUu constitute a heterogeneous order of plants, which may 
Ihj most readily distinguished from other SpnjvUihe with actino- 
morph ic flowers by their opjHwite, entire leaves. The contorted 
estivation of the corolla, to which the name of the order has refer* 
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biloculab^ Woody plants without latex; leaves exstipulate (Figs. 
624 - 628 ). 

The plants comprised in this family are either shrubs or trees. The leaves are 
usually simple and entire, more rarely lobed or compound. The flowers are 



F*i«. OiS. ~~Olw riinqmrn (nat. »!«*) — OrnussL. (Afli'r Bkko and Schmidt.) 

generally small and in paniculate inflorescences ; they have a small calyx and 
sometimes a synpetalous, sometimes a choripctalous corolla ; in a few sjtecies they 
are apetaloua. The two stamens constitute the most easily recognised characteristic 
of the family. Rach loculus of the ovary contains two ovules. The fruit is a 
eajwulo, a dry indehisoent fruit, a berry or a drupe. Many species contain 
mamiite. 
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Representative Genera. — F toxin us (Ash), with pinnate loaves ; LiguMrum 
(Privet), Olca (Olive), Syringa (Lilac ), Jasmidum (Jessamine). 

Geographical Distribution. — Th 3 family Oltaetac is chiefly represented in 
Asia. Several species are familiar as ornamental plants, e.g. tho different species 
of Lilac ( Syringa vulgaris , from South-Easccm Europe ; S. ehimmtis, S. pvmai), 
Jessamine ( Jasminnm yramlijlorunu etc.), Forsyth ia riridimmt, etc. The roost 
important economic plant of the family is the Olive- eve, Oba eurojmm (Figs. 



Vu 


-Stryrh uni n>u (lint. +11*'). 


~hr ruts At.. (Aftei Wean ami Hmmii*.) 


, . ,1 southern Bumi*-. The oil i.extracttxl from the pulp of 

« i» i - — . ** — Tiw ^ 

MasSa, thclrinl *»|> of tho Menlui- 

M V'T n Z^Zl *-?- 

hamily Lo *“ Uc *“' , , M1 M „ Malayan arrow |*»»on, i* prepareU from 

The wrecl* of HtrycKnm hm* vemim (Figt. 

tJ2P, 630) (rult infra) are extremely |.e«/nou«. 
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Officinal. 'trychnos nux vomica , an East Indian tree whose fruit resembles 
an orangft, %ut has a hard rind and usually only one seed, yields Semen Strychni 



Kiu. imx wmlctt. 

Fruit cut across. 



Flu. 632, — Krythrum Onhutrintn. 1 , Aj»ex of 
flowering tdioot ; 2, a flower cut through longi- 
tudimdly ; 8, anther ; 4, fruit ; 5, transverse 
section of fruit. - Orr/ci.y.tt. (After Woe- 

Hlttl.O.) 



Km. 631.- Gentiana lutm. a ami h t 
Flower -buds (nat. size), showing 
calyx (a) and twisted corolla (b) ; 
r, transverse section of ovary. — 
DFflviXAi.. (After Hero and 
Kchmiot.) 

and Sthychninum. ( /clscmium niti- 
dum , a small herb growing in the United 
States, gives Radix Oelsemii. 

Family Gentianaeeae. — Cor- 
olla with CONTORTED ESTIVATION; 
andrcecium haplostemonous; gynoe- 
cium syncar pous ; ovary usually 
UN 1 1 a h : v ear, with parietal placentae. 
Herbs without latex, wholly re- 
stricted to the Temperate Zone 
(Figs. 631, 632). 

The plants included in this 
family are large or small, glabrous 
herbs. Their leaves, which are 
almost always opposite and entire, 
are destitute of stipules. The 
flowers are often large and highly 
coloured, terminal and solitary, or 
more frequently they are arranged 
in diehasial inflorescences. The 
fruit is a“ two-valved, many-seeded 
capsule. Many species of Gentian- 


acme are rich in bitter principles. 
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Representative Gener ..—Gcntiana (Gentian), with straight anthers; Mry- 
ihraea (Centaury), with anthers spirally twisted ; Chlora (Yellow* wort); MenyaiUhes 
(Buckbean), with scattered, ternate leaves. 

Officinal. — Oentiana lutea an^ G. panuonieu , punctata, purpurea, yield 
Radix Gentianae ; Erythraea Ccnla urium, Hf.ub a Cental hi I ; AfcnyantKe* 
trifoliata , Folia Tripoli i fibrin i. 

Family Apocynaceat. — Corolla with coxtortbd .estivation ; 



andnecium haplostemonuiw ; pollen granular or in tetrads; caipels 
usually FREE BKLCAV ; KING-SHAPED STIGMA. Plants With LATEX (Tlg». 

633-035). 


Ill this family arc represented 1 biennial herbs, shrubs, Hanes, and trees ; all 
usually evergreen, with ophite, entire leaves. The rotate or fu misshaped 
flowers, which arc often large and conspicuous, arc aggregated in rymcsie inflow 
cences - the fruit is usually a capsule, both of whose free carpel* (follicle*) dehi#» 
along the ventral suture, setting free numerous and often hairy seed* to be 

dpoeynar^e **»»«% indigeoua to the 
Tropics, where numerous species arc found. Familiar examples of this family are 
afforded by the Oleander, Xerium Oleander , and Periwinkle, l mm mnor (Fig. 634). 
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Poisonous. — jtftrium (Meander (Fig. 633), an evergreen shrub of Southern 
Europe, with %nceoiate leaves and large rose-coloured, more rarely white or light 
yellow, fragrant flowers. All parts of the Oleander are poisonous. 

Officinal. — Various species of tttrophanthus (e.g. S. hispidus) f tropical Hanes 
of Western Africa, yield Semen Strophanthi. Various tropical Apocynaccae (e.g. 
Landolphia hj». in Africa, Hancomia in Brazil, and IVilloughbeia in the Malayan 
Archipelago) yield Caoutchouc. From Aspidospcrma Quebracho , a tree native of 
the Argentine Republic, is derived Cortex Quebracho. 



Fm. tW4„— Vinm mho>r. I, A|»cx of ttowvrinj: shoot ; 2, Mower-bud out through 
longitudinally ; 3 , a Mtninoti : 4, pistil. (Alter Wohmidlo.) 

Family Aselepladaoeae. — Corolla with contorted .estivation ; 
androociura haplostemonous ; pollen -grain* of each loculus of the 
anthers cohering together, in the form of a pollinium ; carpels with 
FREE ovaries, united above into a prismatic stigma. Plants with 
LATEX (Figs. 636, 637). 

In their vegetative jKjrtions and fruit the Asclcpimlaccae are like the Apoey- 
naewf, but differ from them as from all other Dicotyledons in the structure of their 
andrwcia. The stamens are united, at least at the l>ase ; each of them bears a 
Urge dorsal appendage (Fig. 636, A). These staminal appendages together form 
a corona. Especially characteristic, also, arc the club-shaped pollen-masses or 
poUinia, resembling those of the Lhrchidacctw. For the purpose of j>ollination by 
insects, the |H>Uinia are attached in jwurH (one pollinium from each pair of con- 
tiguous anthers) to a rottPUscui.UM or glandular outgrowth of the stigma 
(Fig. 636, 2?, C). 


Ku . imt. ► !/*») (After S< hcmann and A. Mkvkm.) 



Pro. *’kW. — A*ri*i*in* rv.mw*ri«n. A, Flower ; an, andr<«ctfim (y 4 ); //, c*f> x and gymf*<dnni ; 
fn, ovary : A, corpuacula ( * «) ; pollinta (ma^iUM). (Altar Baiu-ok.) 
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Gboqbaprical Distribution. —The Asclepiadaceac are chiefly native of the 
Tropics, whei%they are found as lianes or epiphytes. In the barren desert-regions 
of Southern Africa they are represented by leafless, Cactus -like succulents 
( Stapelia ). 

Poisonous. — The latex of most of the Asclepiadaceae, and also all parts of the 



Kl«i. 087 . — Vi mvlwintm ftffini 
(J nut. hUm). — Poihoxoi h. 



Km. «»38. — I'niivtilrubwuri'nisi*. 1, Part of a stem wfth 
tlowiTK ; 2, a flower cut through longitudinally ; 8* 
fruit ; 4, need ; floral dingmui. (After Wossidi.o.) 


species /” inert oxicuin officinal? (Fig. 6tf7), possess toxic principles. The latter is a 
small, inconspicuous, white-flowered plant, with capsules and long-haired seeds. 

Officinal. — T he bark of (hmolobux Cmuhtconyo and other lianes of Fern and 
Ecuador yield Coutkx Coxtwjiango. 


Order 5. Tubiflorae 

Flowers hypogynous, autinomorphic, sometimes slightly zygo- 
morphic, generally with the formula K5, C5, A5, G(2); stamens COM- 
PLETE IN NUMBER, inserted on the corolla ; ovary bilocular (rarely 
trilocular), with two ovules in each loculus ; loculi frequently cham- 
bered by false dissepiments. Leaves alternate. 

The Tubiflvm* are a group consisting mostly of herbs. Their floral 
construction points clearly to the group being a natural one. 

Family Convolvui&ceae. — Corolla folded longitudinally in the 
bud, twisted, usually to the right ; ovary bilocular, with two erect 
ovules in each loculus ; loculi often two-chambered ; embryo curved. 
Mostly (^limbing herbs and shrubs, usually with latex (Fig. 638). 
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The majority of the plants in the family are sinistrorse herbaceous 
climbers, with heart-shaped leaves and conspicuous flowers, usually with 
a funnel-shaped, slightly lobed corolla. The fruit is a capsule or berry. 
In addition to the normally assimilating leafy species* the family of the 
Conm'ntlaceaf includes a number of thread-1* ko parasitic plants almost 
devoid of chlorophyll (fuscufa). The species of this genus twine about 
other plants and obtain nourishment by sending out hailstorm into 
their stems (cf. p. 208, Fig. 1 86). 


Rbpkf^entative Gbnbra.— with two-cloft stylo C. arvetms. 
Bindweed ; Calyntegia (Bmcted Bindweed), like the preceding, but with two large 
braeteoles ; Ipomom , style four-deft {e.o /. /no 



purea , the common Morning Glory) ; Cv*euf*t (Doth 
d<»r) ; Ipomom Potato s U largely cultivated for the 
tuberous roots (Sweet Potatoes). 

OmoiN*AL, -//»oouKii JPurya, a Mexican climb- 
ing plant, yielding Tin ska Jaiacab and Resina 
.Ialai'AE ; Scammonii'M, the latex from the root 
of Convolvulus Scntninouirt (Asia Minor). 



Fi*». OKI. - f.rhium wl'f", J ltifloretwrence ; If, a ltow«r ; 
F««. S»e. — fiorvga offirintiti*. >■. 'A, fruit; 4. »i * ingle nulM ; %, fluial diagram. (Alter 
Flower ; f> an>l frtiit mat. -•/«*), Wcm-om.**.) 



The Po lemon i aceae differ from the Contolvulurcat in Imvittg three carjxd* and 
no latex. Various sj**«.*ie* of pointwnt’uw, Cobica* and PAW are ornamental plant* 

Familv Boraglnaceae. —Corolla with imbricate activation ; ovary 
dimerous,* but deeply FOUU UihKf) ok chaMBKKKD, with one suspended 
ovule in each chamber. Style inserted in the depression between the 
four projecting lobes of the carpels. The fruit is a fOi u cartitk SCHIZO- 
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OAK?, mnSi^ting of four nutlets. Seeds usually without endosperm. 
Inflorescences scoi&toid (Figs. 639, 640). 

The Bmginaceae are for the most part herbaceous plants, and con- 
stitute one of the A most natural and easily recognisable families. The 
succulent stems, covered with harsh hairs, the entire leaves, the 
tcorpioid inflorescences with spirally coiled branches, the usually 
Hue flowers, and the distinctive structure of the fruit, all serve to give 
the plants comprised in this family a highly characteristic appearance. 

Representative Genera. — ( a) Throat of the corolla with scales : Jiorago 
(Borage), stamens with horn-like appendages ; Symphytum (Comfrcy) ; Myosotis 
(Forget-me-not), (t) Throat of corolla without scales : Pulmonaria (Lungwort) ; 
Echium (Viper’s Bugloss), with zygom orphic flowers (Fig. 640) ; Ccnntha, leaves 
glabrous, with waxy covering ; Lithonpermum (Gromwell), nutlets stony, owing to 
the presence of eolciura carbonate. Anomalous : Heliottopium (Heliotrope), with 
undivided ovary prolonged into an apical style. 

Geographical Distuirution.— T he members of this family abound in the 
North Temj>erate Zone, particularly in the Mediterranean countries. 

To the TuUflorat belong also the two families Hydrophyll&ceae (chiefly in- 
digenous to America) and Cordiaceae (tropical woody plants, with drupaceous 
fruit). These two families, neither of which iH represented iu Europe, stand in 
close relationship to the Conrofvulaccae as well as to the Tioratfnmcr.ac . 


Order 6. Personatae 

Flowers hypogynous, mostly zygomori'hic ; typically with the 
formula Kf>, C«\ A5, GO*), but usually with a rkm’ckd AXDKoriUM. 

Stamens inserted on the corolla ; ovary dimer- 
ous, bilocular, rarely with false dissepiments, 
usually with numkrovs ovules. Leaves 
alternate or opposite. 

Included in this order are herbs and woody 
plants, generally with conspicuous flowers. 
The corolla is commonly bilabiate. In most 
instances the andrcecium is reduced to four 
stamens, disposed in two pairs of unequal 
length ; more rarely only two stamens are 
presont. The fruit is most frequently a capsule. 

The Sahtnncfa* arc, phylogenetically, prolmhly the oldest family of the order, 
and in their generally actitininorphio flowers and ]K>ntanieroua audroria they exhibit 
a close alii ni tv to the Tuhiflomr % particularly to the H yd rtph yflu crur , in uhich 
the gymreia have a similar oblique position. The Sdnnaerae are also allied to the 
with which they lire connected by the small family Xolanmrac. 
Waited corolla, seeds and unequally joured leaves, as in the S»lnna*f<te ; fruit a 
mdltroearp, as in the PorayinactAit) Between the Solnnarxar and Scropfntlariucear , 
on the other ha ml, there art? no uniformly constant distinctions. The other families 
embraced by the Pfrstmntne, with the exception of the AmtUhncmr, O!olmlornta»tc t 
and Plautagi tweens t are all closely allied to the Scrop.hu ht no erne. 



Kiu. 041. — N«if«umivw. 
Floral diagram (/Vf«nu i)t 
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Family Solanaeeae. — Corolla plaited in the bud, usually actin' o- 
morphic ; andrcecium pkntamfkoux; carpels obliquely placed with 
reference to the median plane the flower ; seeds with endosperm 
(Figs. 641-647). 

The majority of the Solano cene are herbs (in the Tropics also 
represented by shrubs and sraai! trees), with numerous, often 
glandular hairs, and not unfrequently with prickles. In the region of 
the inflorescence the leaves are often borne in pairs, consisting of one 



f, young fruit. («», *1, »*, nut, *li *’ ; r, <f, xif.) 

large and one smaller leaf. This peculiar disposition of the leaves is 
due to the displacement of the bracteoles and subtending bntets, which 
adhering to their growing axillary shoots arc carried up a distance cm 
them (Fig. 646). The flowers are cither solitary or grouped in 
inflorescences ; they are variously shaped and usually have a fivc-lobed 
corolla, often of a pale violet colour. The oblique position of the 
carpels (Fig. 641) is a distinctive characteristic of the flowers of this 
family. The fruit is a berry or capsule. The seeds are generally 
reniform, and contain a curved embryo embedded in an oily endo- 
sperm. 
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Representative Genet — (n) Fruit a capsule: Xieotiom ; Daium^ capsule* 
four-valved ; Hijosctja tuns, flowers xygomorphie, capsule dehiscing transversely, a 

pyxidium. (b) Fruit a berry : &>/* 

t ««»/»», anthers converging, opening 

hv | Hires ; Lmyxnricum ; Capsicum ; 
dtropi* ; Ma mini (fora ; Phymlit , the 
lweccte fruit enveloped by the per- 
sistent red calyx. 

Gi:< Hi K A ’■ UU’A f, I >I»TF I m TtuN . — 
The St >1 ana cent comprise chiefly plant* 
of the Tropical Zone. In addition to 
the officinal plants, this family con* 
tains a number of other economic 
plants, all of which arc natives of 
South Aim rica: the Potato, Solatium 
fnh<u*ost.“ ; the Tobacco* plant, AtVo* 
to*ua Tabacim (Fig. till), and A*. 
runtica ; the Tomato, Lyco^rmnim 
* sculmtum, etc. The Potato plant 
grows wild in the Andes mountains 
in t'hili : it was fust introduced into 
Spain ami thence into Eurofw in tim 
latter half of tin* sixteenth century. 
The first introduction of Tobacco into 
Europe occurred about the same time. 
It is stall'd that. A irotmmt Tabttcum 
is still found growing wild in Peru 
and Ecuador. 
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PoisejMts. —Almost all of the plants of this family are wholly or in part 
poisonous, In most cases on account of the alkaloids they contain. All parts of 
Solanum tuberosum contain solanine; on that, account it is dangerous to eat 
potatoes that have turned green or such as have developed shoots. Solanum 
Dulcamara (Bitter-sweet, Fig. 643) contains solanine in all its parts, with the 
exception of the harmless berries. Solanine occurs, on the other hand, in the 
black berries of Solanum nigrum (Common Nightshade), a weed frequently growing 
in fields. The unripe fruits of the Tomato have been known, when eaten, to pro- 



Fio. * 147 .— Datum Stramonium. I’oimsocs and OWHtXAt. ($ nat. size). (After Hkku and Scumiot.) 

duce symptoms of poisoning. Atropa Belladonna, the Deadly Nightshade (Fig. 
646), is the most noxious plant of this group. It is an herbaceous plant with 
reddish brown campanulas flowers and very poisonous black berries enveloped by 
the persistent calyx. Datura Stramonium , the Thorn-Apple (Fig. 647), is also a 
uarcotic, poisonous, herbaceous plant, of common occurrence on waste ground. It 
branches dicholornously and Wars white, funnel-shaped flowers producing large, 
prickly capsules. JFTyoscyamus niger , Black Henbane (Fig. 645), grows in situa- 
tions similar to those, in which the Thorn-Apple is found ; it also possesses 
dangerous narcotic properties. The flowers, which are disposed in oue- sided 
inflorescences, have a funnel-shaped, five-lohed, yellow corolla marked with violet 
veins; the fruit is a pyxidiuiu. Xicolwna Tabacum (Fig. 644) contains toxic 
principles in all its parts. 
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Officinal . —Atropa Belladonna yields Folia e r Radix Bella don nab, Amo- 
pincm ; Datura Stramonium, For u M 

Stramonh, Semen Stramonii ; Hyo* mm 

scyamus nigcr, Herb A Hvoscyami ; H 4 

Capsicum mutuum, Fri'ctus Caphici ; Ki 

Nicotian a Tabacvm, Folia Niooti- 

anae ; Solatium Dulcamara , Hai les *^^#«*1* 

Dclcamarae ; Scopolio carniolica, 

Family Scrophularlaceae. 

— Corolla most frequent ly z ygo- wSr J^RjL *0$ 

Morphic, never plaited in the 

bud ; androecium usually RK- 

DUCKD to FOUR OR TWO STA- \ 

mens; carpels median (Figs. 

Of the plants comprising the 
Scr phnlariacmt, the majority 
are herbs with simple, toothed, 

rarely lobed leaves, which may f 

be opposite or alternate but m M 

never unequally paired, as in 1/ 

the Solanacmc. Many species, mm 

although provided with leaves, ^ W 

are root-parasites. The flowers, ■ m 

whether solitary and axillary 1 m 

or in racemes, always have a a m 

lateral origin. In some genera, 

IWbasr.unu the flowers are V 

nearly actiuomorphic, with ja;u- ■ 

tumerous andnecium (Fig. 049, I 

A ; 651); but in most of the 

forms they are distinctly z yf o * 

morphic, while tin* andmecia are 

also reduced. In eases where one stamen is rudimental (Scrophnhuia) 

q or suppressed, it is usually 

s^^****^ the jmsterior one. Some* 

times, in consequence of 
ifW JfeOiVll more extended nuppre*- 
tu © )*' 111 ffl /!» hi».i, only two stamens 

/y v V* ** • J J remain (r.tj. Ormolu , rig. 

049, B). The fruit is a 

A ^ B capsule, or less frequently 

. . » ^’ rr y* 

Flo. * 1 >ral dmrntm*. 

(MU, * „ . F «.U» AN.. B* 

PEIMEKTATIVB Genera, A, Ovary bilocular. — (1 , AMinaxnuultat. Corolla 


r n \ 

\<5 


to A at 

® J 
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fpJtJit de&L'ejadi/jg aestivation (i.c. the two posterior petals overlap the lateral, which 
in turn encfose the anterior stamen) ; autotrophic plants. Verbasfam (Mullein),, 
with live fertile Btameus ; Scrophulana (Figwort) ; Antirrhinum ( Snapdragon ), 
corolla witli short spur and two closed lips, capsule opening by pores ; Unarm 



Ki»i. &V),~ tUyilot;* iwc/mm r, <>, Klowei ; l>, corolla mt ojmji ami oi'ieaW out ; «\ calyx au<l‘|»ist il ; 
•I, fruit aftei dehiseeiice ; transverse section of I'm It (nat. size). 


(TWI-FIax), corolla with long spur, otherwise us in the preceding gemts • 7 Hyi* 
tafia (Foxglove} corolla obliquely campanulatc, capsule opening by valves ; tfivtiola 
(Hedge-Hyssop); I'avnico SjteedwoH 1 . (2) /{/nnanffundme. Corolla with ascend- 
ing activation (i.r. the two posterior petals 
ovevlapjH'cl by the lateral) ; green plant?, 
more rarely devoid of chlorophyll, parasitic 
by means of their haustoria on the roots of 
other plants. Jlhinanlh us (Yellow -Rat tie ; 
Mdampuntut (Cow * ’Wheat ) ; Jfttphra&a 
(Eye bright) ; Pcdieularis (Lousewort). 7/, 
Ovary unilocular. (‘1) Grant roidcat (Fig. 
652), Giofinw, Orolxtnchc. Parasites devoid 
of chlorophyll ; several s juries in Europe. 

( » KAI*ft IC A l. DlSIUim Tlt>5. —The 

Scrophnlaritmat are of frequent occurrence 
in the teiujwratozoueaof both hemispheres, 
growing in the most varied situations, Many are ornamental plants, <r .</. Antir - 
rhinnm mujus, various sjiecies of JV/ohmw, Pauhtmia im/teriaHs (arlnnwcnt). 

PoiaoNors. — lHyitaiis purpurra Fig. 646', an unbranched, thickly- lea vw l, 
hairy biennial Waring terminal, one-sided racemes of reddish campanula tc flowers ; 
all j>arts exceedingly poisonous. Gntfiaht t’jficimH*, a jwreunud, glabrous lu-rh, 



Fl*». I*M. Ml 

h, r»l)\ Slid st\i(C (UMt. 


f. tt. Flow*! ; 
hrtftrts.it . 
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growing in damp situations to a height of 30 cm., with narrow', toothed leaves and 
axillary tubular flowers, of a whit iso colour. Two stamens and two staminodaa, 
Offipikal. — iHtjitalis purjmrta, Jie Turple Foxglove (Figs, 648, 650} yields 



Fio. Floral diagram of t ;*•**< w 
l*n<lulin • {GtmeraMtw). « (Alt«*r 
KlCHMEft.) 


O 



Fi«.. OA.i. • V !«ir»I oJ 

<t If fin. tCrrift/hi i iacrnt), (AHer 
Kn lit r.n.) 


Foma ProiTAUs; 1Wl*i*Ch lit thaptij'nrmr (Fig. #51) and V. p\hmm<tn, Kl.ntiiM 
Vl UUASt'I. 

Family Bigiumiacaae.— Mostly wo >dy olimt>n>, will* winged ho«mIs in a dry 



Fit;. »K 4 .— iidntam mitff*- *. Eolith |4*tit ; flower *iih *»ibt*it«ln»* ; S, fruit ; 

4. %**W1 ; 5, floral diagram. (After 

capsule. Mostly Tropical, Catnip* biynoniouUt and Temma nulimnt, both from 
Korth America* are cultivated, JacartmUa (.South America) gives a timber. 
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Family Utriculariaceac. — Free central placentation. Insectivorous plants 
growing %i?gmarshy places, Utrieularia , Pinguicula (Fig. 653). 

Family Plantaginaceae. — Flowers small, actinomorphic, which, owing to 
suppression (calyx, andrcecium) and cohesion (corolla), have become apparently 
tetramerous. Mostly anemophilous (except Plant a (jo media) herbs, Plantago (Fig. 
654). 


Order 7. Labiatiflorae 

Flowers hypogynous, almost always zygomorphic, theoretically with 
the formula K5, C5, A5, 

GW, but .usually with RE- 
DUCED ANDR(E('IA (A4 01' 

A2) ; stamens inserted on 
the corolla; ovary bilocu- 
lar, with four erect ovules, 
each loculus subdivided 
BY A FA USE DISSEPIMENT. 

Fruit commonly a schizo- 
carp. Leaves generally 
opposite. 



Km. tl&fi. - Floral diagram of 
tWI#nn <| (ftrimli*. (After 
KnmK.lt.) 




Fio. < t&tt. —Floral diagram of 
Lnmtom {hthutUm). 


F«o. iV&7* — A ienthu (J imt. *ize). — ( ttFiciXA /„ 

( After Hrrc, and Schmidt.) 


The plants constituting this order are herbs or shrubs, rarely trees ; 
their vegetative organs are usually hairy and often aromatic. The 
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flowers are axillary, in most instances distinctly zygomorphic and 
aggregated in inflorescences. The fruit is commonly a four-partite 
schizocarp, more rarely a drupe or capsule. 

Family Labiatae.- flm y deeply foijr-lobki\ hicArpelkuy, four- 
chambered, with OYNO- ^ 

stalked flowers in whorls, 

, . .. % fiftfc — nflr'mah*, nmttXAl.. 

which in reality re- i<KMu«u«t $ iutt. »!**♦.) 

present axillary scorpion! ' 

cymes, sometimes termed verticiliaster*. The separate inflorescences 
often ljecome aggregated in terminal heads and spikes, as in the 
Thyme and Peppermint. The calyx (Fig. 659, d, <■) is gamosepalotw 
and five-toothed. The corolla is usually bilabiate, with two lobes in 
the upper lip and three in the under ; it is variously coloured, but 
most frequently of a carmine or violet colour. The andmwium chiefly 
resembles that of the SciojJwlariacw, while the gyweeium is con- 
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structed as in the Boraginaceae , consisting of an originally bilocular 
ovary wltose carpels become deeply constricted longitudinally and 
thus subdivided, each into two chambers. The nutlets (Fig. 659, 
d, e) of the fruit always have a hard outer wall ; they are sometimes 
partially aborted. 





Representative G exk ra. —Ajuya (Bugle), with short upper lip : Teuerium 
{Germander), upper lip deeply cleft ; Stachys (Betony, Hedge-Nettle), Galeopsis 
{Hemp-Nettle), and lamium (Dead-Nettle), with helmet-shaped upper lip ; Kepeta 

(Cat-Mint) and Glechoma (Ground-Ivv), 
unlike most of the other genera, with 
a long posterior stamen ; Mentha (Mint), 
with almost actinomorphic corolla and 
stamens of about equal length ; Thymus 
(Thyme) ; Origanum (Marjoram); Lavan- 
dula (Lavender) ; Salma (Sage) and 
Jlosmarinus (Rosemary), with two sta- 
mens, each of which has only a fertile 
half-anther. 

Geographical Distrim’TJon.--- Like 
most aromatic plants, the Lnbiatac thrive 
best in a dry, sunny situation. They 
accordingly constitute an important part 
of the vegetation of the Mediterranean 
countries, where these conditions of 
growth are fulfilled, and where, for 
example, although not restricted alone 
to those countries, the officinal Rosemary. 
Sage, Thyme, and Lavender are found 
growing wild. Many aromatic .species 
are cultivated as kitchen-herbs: Sweet 
Marjoram, Origanum Mnjorana ; Sum- 
mer Savory, Satureia hortmsis ; Sweet 
Basil, Ocimum Jtasilicum ; the Garden 
Thyme, Thymus vulgaris; Sage, Salvia 
officinalis. 

Officinal. — Lavandula vera yields Flores Lavandplak and Oi.ei m Lavan- 
iu’LAK; Salvia officinalis, Foma Salviaf. ; Melissa officinalis, the Common Balm 
(Fig. (158), Folia Mf.mssak; Thymus StrpyUnm , Hkuba SKurVLU ; Thymus vul- 
garis, Hkkka kt Olkpm Thymi ; Jlosmannus officinalis , Folia kt Oi.epm Ron. 
maiuni; Mentha piperita (Peppermint) (Fig. R57). Folia kt Oi.ixm Menthak 
rii'EKiTAR and M knthohm ; Mentha crispa , Foma Menthak pkispai: : Galcopsis 
ochroleuca , Hkkda Galeopsii»i» ; Origanum vnfgare, Hkuiia Orioani : 0. major- 
anae , IIk.ru a Majouanak. 

Family Varbentoaaa. — Ovary oue- to two-locular, more usually subdivided and 
four-chambered (not IoIhkI), the style therefore terminal. Fruit a jmrPE, less 
frequently a capsule or achirocarp (Fig. 655). * 

VcrUna officinalis.—- Tectona gratulis, an East Indian tree, provides a timber 
valuable in shipbuilding, Teak. Verbena Aubletia is cultivated. 



Flo, fl.VA — h'olropniH orkrotineit. n, Flow or ; n, 
the snim* with calyx murneil ; «•, corolla out 
open, showing stamen* ami style; </, calyx 
»»ul gynwluiu; c, fruit. — OMciXA L. (/>, h, 
imt. sixe ; r, *1, ? v 3.) 
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Order 8. Rubiin&e 

Flowers epiuynous, actinomorphic or zygomorphie, with the 
formula Kn, Cn, An, (GjTi), in which n = 4 or 5. CALYX URKATLY 
reduced : androecium inserted on the corolla ; ovary two- to THREE- 
ixkt-IaAR. Leaves generally opposite. 



(»»t. h/») <irrin.ui.. (*. hi m*** »mi Aktiiih »nt*.) 

The i:\ilnume comprise herbaceous, shrubby, and, more rarely, 
arborescent plants, varying greatly in general appearance, and, with 
the exception of opposite leaves, having but little in common in their 
vegetative structure. 'Hie flowers are usually small and aggregated in 
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profuady bfifoched inflorescences, which often assume an umbellate 
character! . The corolla is sometimes campauulate or cylindrical, but, 
most frequently, rotate or funnel-shaped, according as its lower 
portion forms a longer or shorter tube. The fruit assumes various 
forms, sometimes dry, sometimes juicy. 



Flo. intiU //* mrf"i it ho.—QrrfCtyA /.. (After Berg and Schmidt.) 

Family Rubiaee&e. — Flowers ACTiNoMoRrmc, androecium with 
RILL NUMBER OF STAMENS; ovary DIMEROUS, BOTH LOUUU fertile. 
Herbs. and woody plants with simple, stipuiate leaves (Figs. 660-664). 

The Bubuiceae form one of the largest and most varied families of 
the vegetable world. The almost always entire and opposite leaves 
and the invariable presence of stipules, either leafy or scale-like, con- 
stitute the characteristics most distinctive of this family. The charac- 



i<.. M2.- I, Aj*‘\ 

of flowering •huute Tlw' fain** wfcorl* 

«on*l*ting of two leave* «intl four fit 
six stipule* ; 2. flower cut through 
longitudinal! > ; 3. Uitumudinal see 
turn of fruit: 4, floral diagram. 
(After Wi^MOi.*..) 


I*,,.. uoOtiiv. |, Khmering branch ; t f fruit ; 

8, fruit in tf»n*ver*e wrcilon ; 4, •*#*!*. -sO/r/c/jr-u. 
(After Wowiuw*.) 


(M.urKiML Tl..- KM«m £«• « 

mostly tmpi-al herlm and shrul*. TV 0.lf«-pta»t, C-ffea «r«m* (H«. «*«), » a 
small" evergreen im. in.ligni.ms to the tropical mountainous district. of U.t«rn 
Afric a, I.ut now cultivated in all warm countries. The white «o*er« i disponed m 
axillan- clusters produee red, cherry like drupes, mth conU.mng two seeds or 
eotfce-bean*. Brazil supplies the largest part of all the ootfee consumed, but the 
Iwst comes from South-Western Arabia (Mochaj, tha Suuila islands (Jaea, CeVebea), 
and Ceylon. The various , r ies of OarJrnix cultivated as ornamental plant, also 

belong to thi* family. 
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OfeigiSAu-— Cinchona succirubra (Fig. 660), C. Ledger tana, and other species of 
the same genus (Fig, 664) yield the cinchona-bark, Cortex Cixchoxae, from which 
Quinine in prepared. The Cinchonas grow wild in the Andes mountains and are 

largely cultivated in the mountain- 
ous regions of India. They are 
ever-green trees with lanceolate or 
roundish leaves and with flowers 
in pyramid -shaped panicles. The 
flowers are about 1 cm. long and 
have a yellowish or carmine- 
coloured, funnel - shaped corolla 
with five fringed lobes. When 
the fruit is ripe the* two carpels 
separate at the base, but are held 
together at their apices by the 
calyx ; they open by a slit in the 
middle of the partition dissepi- 
ment. Ccphnelis Ipecacuanha (Fig. 
061), a small under-shrub native 
of Brazil, yields Radix Ipecauu- 
anhak. Uncar hi Gamine, an East 
Indian liane climbing by means 
of hooks, yields the leaves and 
young shoots from which Catechu 
orC vMlui; is extracted. The alka- 
loid Co FI-' kin cm is derived from 
the co flee- bean. 

Family Caprifoliaceae. — 

Flowers actino.uokphic or zyhomorphig ; andracium with fell 
NUMBER OK STAMENS; gyrm*cium usually TKIMKROUS ; loculi ALL 
fertile ; mostly woody plants, as a rule with ex-stipulate leaves (Fig. 
665 ). 

There is, properly speaking, no characteristic feature which separates the 
Caprifoliaceae ami llubUtcme. 

The majority of the members of this family are shrubs with simple 
or pinnate leaves and, most often, with eymose inflorescences. The 
corolla is rotate, cam])nnulafce or tubular, in the last case zygomorphic. 
The fruit is commonly a berry or drupe. 

Subdivisions.-- (1) Sambiuxae. Corolla actinomorphic, rotate; style short; 
fruit a drupe. Sambucus, the Elder, has pinnate leaves and a driqtaeeous fruit 
with three stones. The leaves of laburnum (Arrow- wood, Guelder-rose) are 
simple ; the drug's have only oue stone. (2) Lon ice rear. Flowers with an actino- 
morphic or zygomorphic, tubular corolla and a eorresi>ondingly loug style, e.y. 
Lonitem (Honeysuckle) with zygomorphic flowers, Linn am (Twin-flower), etc. 

Gkookaphicaj. Distkibution. — T he Caprifoliaceae are in large part represented 
by shrubs and small trees growing in woods and thickets in the Tern rate Zone of 
the Northern Hemisphere. Several well-known ornamental plants are included 
in this family : the Snowball-tree or Guelder-rose, a variety of Viburnum Gpulus, 



Fm. ilM.—t'inrh'tiHt lifHcffnlio. 1, Flowering branch; 
•J, flower; 3, flower cut through lon^Uiwlinally ; 4, 
fruit; f>, seed.— omr/.v.i/» (Alter NVomhidi.o.) 
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with sterile dowel's only; and the various sj*eciea ot Honeysuckle (Ltmkcm) and 
Bush-Honeysuckle or treigelta. ‘ 

Off If I s a i.. — Smn b nciti nigra (Fig. 6£5) yields Fi.ohks Sammvt. 



Vu.. in;/n'. 1, Kkmering Itranrh : a U»*\% **r <*ul tlimu>tli IcjiiKiluiliimll) :* 

8, fruit . tlnrnl •lia^ntm,— Orr/rjjut. 


Family Valerianaeeae. - Flowers asymmktrh al, with penta 



Fl»i. I nU t >*>•»<• . 

Floral disiEram. 



F.O. • ft:.-- «! flrinvhf, *>, Flower ( * *j ; 

#% fruit ( * 4 i—urrtctjfAA. 


meious perianth; andnecium kkdkei* ; ovary trilocuiar, with only 
one fertile loculus (Fig*. 666, 667). 

The family comprises hcrlw ami small under-shrnh*, having simple 
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or piftimte loaves without stipules. The flowers are small and 
aggregated in profusely branched, dichasial inflorescences. At the 
time of flowering the calyx is rudimental, but it eventually assumes 
the form of a feathery pappus (Fig. 667). The actinomorphic or 
spurred corolla is rotate or funnel T shaped, usually of a light rose- 
colour. The gynoecium is always asymmetrical, one of the lateral 
loculi, never the median loculus, being alone fertile (Fig. 666). 

Representative Genera. — Valerianclla, corolla rotate, three stamens. 
Valerkm corolla funnel-shaped, sliort-spurred, three stamens. Centranthus, 
corolla funnel-shaped and long-spurred, one stamen. “ 

Officinal. — Valeriana officinalis yields Rah. Valerianae and Oleum 
Valerianae. 



Order 9. Campanulinae 

Flowers epigynous, actinomorphic or zygomorphic, most frequently 
with tis ^rmula K5, C(5), A5, 0(^-3). Calyx gamosepalous, with 

long sepals ; stamens inserted on the 
flower- axis, usually with anthers ad- 
hering together ; ovary two- to THltEE- 
locular, with numerous ovules. The 
possession of LATEX is characteristic of 
most of the plants of this order. 

The Ca input ulinac are for the most 
part herbs with simple, entire, alternate 
leaves without stipules. Their inflor- 
escences are racemose, either racemes, 
spikes, or heads. The flowers, which 
are commonly large and conspicuous, 
are usually of a blue colour. Except that the corolla is in some 
instances actinomorphic, in others zygomorphic, the flowers have 
essentially the same structure 
throughout the whole order. The 
anthers, though sometimes free and 
distinct, more frequently adhere 
together or are entirety coalescent. 

The fruit is a capsule, or more 
rarely a berry. 

Family Campanulaceae. — 

Flowers aotinomorphio ; anthers 

free or adherent; ovary usually .. _ ,, , ...... 

TRILOOULAR ; fruit a capsule (Figs. ft, the wmo cut through lo»gitu<iinanv, 
668, 669.) <**t. 


Flo. Floral dtRtfmn of Com janata 
hunt him. (A ft or Ehui.kk.) 




<i. Flower ; 


Representative Genera. — Campanula (Bell-flower), corolla campanulate. 
Phyteuina (Rampion) and Jasionr (J. Montana, Shoe pa- hit), with flowers having 
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a tubular corolla and aggre^Ued in small heads or spikes. Sptculnria (Venus’s 
Looking-glass), with rotate corolla. 

Geographical Distribution.— The members of this family ate mostly native 
of the North Temperate Zone, where 
they occupy a very prominont position 
in the vegetation, rather as the result 
of the .striking apj>earaiue of their 
flowers than because of the occurrence 
of a large number of individuals. 

Family Lobeliaceae.— Flowers 
xvgomorphic. Lobelia J tort manna 
occur in the ponds of Northern Europe. 

OPKICINAI.. - -KkRBA LoBKMAE is FlO. Wo .-MmMhm pWwrtM iHsKmin of 
derived from Lobelia *nflaht ( India!. a male (.o and of a fotanb* fluwt*r (i v (After 
m t % ‘ Km’hi.kh.) 




Family Cucurbltaceae. — 

Flowers epigynous, UNISEXUAL ; 
calyx ami corolla actinomorphic, 
ndnate at the base ; stamens five, but 
they fkkajukntly uoiikrk either IN 
FA I us y so that there appear to be but 
three stamens, or, more rarely, they 
are all united into a column ; anthers 
MoNoTliK< lors ; ovary trilocular ; 
fruit baccate, a pe|K> or succulent 
tarry. Herbs without latex, 
commonly climbing by tendrils 
(Figs. 070-07:1). 

The majority of the Cwiirhifamte, 
although only annual herbs, grow 
to a large size. They are usually 
covered with stiff hairs, and have 
long, often hollow stems with large 
heart -shaped or lobed leaves and 
corkscrew-like tendrils arising near 
the leaves. The flowers are axil* 
lary, either solitary or in group*.* 
The corolla and calyx are united 
together at the We into a cup 
h ha ped receptacle, from the margin 
of which are given off the narrow 
sepals. The gamopetalous corolla 


.-iirjmiatnotot. a. Fi«w«rii>K branch extends above the level of the 
(wiucT*t) ; //. flower <n*t. cup-ahaped receptacle; it is rotate 

F, fnut in Motion. -Vuimsoc*. ™ campanula^, always deeply five- 

lotied, and of a yellow or whitish 
colour. The reduction and cohesion of the tortuous anthers (anther- 



c 



Fie. cvloi'ijHtkui (uat. size). —Qrrtcuu l 

(After Bero ami 8< hmiut.) 
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halves) give the androecJum a highly characteristic appearance. The 
three loculi of the ovary are almost completely filled by* numerous 
ovules and projecting fleshy placentae. The fruit is a spherical or 
elongated berry, not utifroquently of an enormous sixe. Its firm, 
sometimes hard exocarp usually encloses a succulent mesocarp derived 
chiefly from the placenta 4 . The seeds are large and flat, ami without 
endosperm. 

Geographical Distiiiir now ~ The Cncurlttmra* nmipritw for tlw itioat part 
plants of + he Tropical Zone, thriving lx>st in the dry oj*en districts. Various 
species are cultivated lor the sake of their fruit, r.«/. the Pumpkin (CaenrbUa 
Pcpo), the Cucumber {Cue a mis attfivus), the Musk • molon (Cummin the 

Water-melon [Citrutlns mt/yant r\ etc. 

Poisosors . — Bryonia tiimeu (Fig. 671} and B. oii*i y hirsute tendril climbers 
with tuberous roots, lobed leaves, and eompai a lively mu jail In .rici- which in the 
former species are red, in the latter while. 

Officinal. — CUrullns i'olonjwthia (Figs. 67 k, *173), » herb somewhat re- 
sembling the Cueumber, native of the African ami Arabian deserts, yields 

Fnrcrus Colocynthiw*. 


Order to. Aggregatae 

Flowers mov.Nors actinomorphic or zygomorphie, constructed 
after the formula K5, A 5, Ci(^> ; calyx lu DIMKNTARY ; stamens 

inserted on the corolla; anthers usually aihikhknt («yngmiesiou») ; 
ovary iNlLotULAR, with one ovule. Fruit indehiscent. Inflorescence 
a i 'APlTri FM, surrounded by an involucre. 

The capitate inflorescence is the most distinctive characteristic of the 
.lymrt/ttfrit'. The margin of the evjKimh* l axis of the inflorescence is 
occupied by numerous hypsophylls, while its whole upper convex or 
concave surface is thickly beset with small flowers (floret#), which 
are frequently giveu off from the axils of reduced subtending bracts 
or scales (palewb In its general appearance the whole inflorescence 
resembles a single flowei, particularly when the marginal flowers are 
larger than the central, ui id form a sort of corolla about them. 

In tin* ii m ted anther* and in the <vcurmic*r of sopMtfd bitox tilths the Campv* 
sitae show a relationship with t Jo; CampannlinnK 

Familv Dipsaeaceae.— Flower* with urn alyx, usually sygo* 
morphic; corolla four to five- lobed, imhiucatk in the Hri> ; stamens 
four, with FREK anthers ; style simple ; ovules hchpendkd ; seeds 
WITH JCNDOSPKKM. Leaves opposite (Fig. 074). 

Herbs with simple or pinnate leaves ami many flowered, flat or 
convex eapitula whose marginal flowers are frequently larger than the 
central. The possession of an epiealyx consisting of united bracteolcs 
is characteristic of till flowers of ibis family. The true calyx is 
rudimental, represented only by teeth or bristles. By the cohesion of 

2 S 
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the lobes ol the corolla, it frequently becomes apparently 

tetramerof#: 'Tfhe nut - like fruit is enyeloped by the persistent 
epicalyx. ^ 

Representative Genera. — ( a) With palefe : Dlpsacua (Teasel), thistle - like 



" C 6 V 

Fro. 074.— Svux'iw prate anin. *», Flower with ejiicalyx ; Via. 07 Compositor, 

b , the dame after removal of rptealyx ; /•, fruit in Floral diagram (Vanin us). 

longitudinal section ; /, ovary ; hk, epicalyx. 

with prickly, involueral bract's ifnd scales, corolla four-lobed ; Seabiusa , involucre' 
herbaceous, corolla five-lobed ; fruccim, corolla four-lobed. [b) Without pale® : 
Knautia. » 

Geographical Distribution. — T he Dijmcumte are chiefly met with in sunny 
situations in the Mediterranean region. Some species occur in more northern 



Flo. «7a— Longitudinal section ot capitulum, o, ot Utppu major with joilen ; h t of ATiiricurta 
ChammUUt without |»le»e. Of net SAL. (Afti*r Hkrc. and Schmidt, magnified.) 

latitudes. The heads of / ) ipsacu sfutlonum, t lie cultivated Fuller’s Teasel, have 
hooked palea», aud are used for raising a nap u]«on woollen cloth. 

Family Composit&e. — Flowers without kpiualyx, actinomorphic 
or zygomorphic ; corolla valvatk ; stamens five, with syngenesious. 
anthers; style BLF1I> ; ovules krkut : seeds without endosperm. 
Leaves commonly alternate (Figs. (> 75-686). 



SECT. II 


PHAKEHCGAVU 


The Composite comprise mostly herbs, rarely, and then u*tt«d|f con- 
fined to the Tropics, shrubs, lianes. and trees. The vegetative er#*ns 
vary so greatly in their external appearance that ^ 

they furnish no features that are valuable as a { mefcn* jjffi *' 

of distinguishing the family : ohcmicdly, however, r mk 
the ComfMntae are chanmterised by the presence of HI 

in din in their subterranean parts. The flowers and * 

inflorescences, on the other band, although they 
also exhibit great diversity of form, .are always 111 

easily recognisable. The hi ads ; (Fig. b 70) either *, H| 


* *tf rtf wj 

Vlo .rt- r. tt, S «!|«I n.mt: ;i *«*■ AihIWImw of 

t \ u . satur cm: tlimu( t h loi^iUHltfuinjit tAfW tlRft* <****.■» 

ami N 1 1 m 1 1 > f , ^ lOn M*v.> 

solitary or combined in compound inflorescences, generally of a 
diclutsiul character. The in 

volucral bracts are sometime- WMm 

herbaceous and green ; some Ml f 

Aims scariou/ and then often 4< jBHE ffl 

jnghl v coloured, as in //' / irhrv^m I 1 

and other genera; sometimes, „ 4 J 1- 

as in many species of a »<*<(, $ff 7TT] J J 

they are provided with dry fi\ k\\ vW^^Y\ II 

fringed margins, or, as in the if f// /u 11 

Thistle, they may Ik* prickly, jjjyj f/f Til n. I m 

The exploded floral axis, the r//L^/'/[ l u V \ Vi 

receptacle of the capitulum, is 

~ <;7f» ,t\ rut. a:*.-- a* «!*» •*>**••*’ "* «*r cAt»» 

concai C or b* * * tulum *JW 1 of fr»*it : *>, fnm >» 

slightly elevated or prolong#! ta ,u IM ,j <*»ty i***ti> *iwmn, 

ronidJlv (Fiir. 67 b, It). It is <Att*r flMcno 
sometimes naked (Fig. 676, b) 

or hairv (Fig 670, «), sometimes covered with small scales (rig. 676, 
always pitted like the surface of a thimble, with alveoli in which 
t h e separate flowers are inserted (Fig. 6 <1j>, «)• ^h® «*!>'* w never 


", It <»f tsdt»|. 






SECT. H 


PHANEBOGAilU 




m 


a tuft of bristles or hairs (Fig. 677). The corolla is often regular 
and five lobed (Fig. 677, //;, as in the Thistle. When uygomorphic, 
it may be bilabiate, in the South American Mutism isy.gnore 
frequently, bv the suppression o 2 the upper lip, it becomes* ONE- 
lipped or falsklv Lna i.ATL (Fig. 677, f*\ as in the marginal 
flowers of the Chrysn cthcmum . or it i<* hot LATE ami split for a 
considerable distance on one side, as in Tartan cum (Fig. 686, 



Km- Caf-V* >>rn*t\Ai <Aftei Baii.u>*.> 


2). The one- ami ligulato flowers are very similar in ap- 
nea ram-e, but in the one- lipped flowers th(! corolla ha* only three 
teeth in the ligulatc five. The margin of the receptacle in frequently 
occupied by onc-lipiier) flowers, and the central |K)rtion or <li»c by 
aetinomorp'hic tubular flowers. In such cases it is customary to 
distinguish between kay-hxwkks and im i'iowim The former are 
frequently female (Arm», I null, Maltimrui) or neuter (Cntaumi 
('man*) the disc- flowers are sometime* all male ( T’tMwgo). ifte 
STYI.K divides at the apex into two variously shajied stigmas, and it 
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surrounded %t the base by a honey - secreting disc. The fruit 
(Fig. 6$6) is a one-seeded indehiscent fruit or achene ; it is usually 
crowned* by a pappus which is of service in the dissemination of the 
seeds by the wind. The pericarp is leathery, and often adherent to 
the oily seed. 

Sub- Families, Tribes, and Representative Genera.— (1) Tuhuliflorae . 



Kin. U#4. — .1 r « ten montana.—tfrrtc/yji. J tint. size. (After Bero ami Schmidt.) 


Flowers aetinomorphic or the ray-flowers one-lipped, no latex. {A) Cynareae. 
Receptacle with setaceous pa!ea>, involucral leaves either prickly or with 
membranaceous margins, style swollen below the stigmas into a cushion-like ring, 
fruit with pappus. Cartiuus (Plumeless Thistle), involucre prickly, hairs of pappus 
naked ; Cirxium (Common or Plumed Thistle), like the preceding, but with 
feathery pappus; Cnicus (Blessed Thistle) ; Lappa (Burdock), tips of involucral 
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leave* Rooked ; Centaur*,, involucm! leaves with Misties or tuetubunmi. mor«i»<s 
y °" el> j neuter. (Jt) hum* orient. Flowers aetinomorphte, involucre herb- 
aceous receptacle without l^alw, stvW not avollcn below the atignuw ; 

[r. rulyans, the Butter-hur) ; fumta*jv <C dtafoot} ; Eupatariu m ( Thorough wort). 
it > Asterear. Marginal flowers fomMe, usually rygomurpbie. <<i) Anlhemidea^, 
without pappm, ; dnthemis ( Cham win ile^ aud Achilla {Milfoil, V arrow), with 
pale.,*, Matricaria (Wihi Chamomile) ami Chnimtdhemum. without usih** : 
Artemisia (Wormwood), with tubular flower* 

only. (/;) Helianthi;ar ; JJrl ianfhii* (.Sun flow er). » B 

(c) Calevdnleat ; Calendula (Marigold). (</) I UkitM 

Scneeioneac, pappus hairy ; SrmAo (Groundsel); 4 xLjCT 

Arnica, (e) Asterear, pappus bristle-like, fre- 

♦piently brown ; Aster; Solidagv (Holden- rod) ; l &S jNjtjf 

Erigeron (Fleahane' : Junta fEleoampaiii*); (Inn * llMJ 

phalimn (Cudweed 's ; Antennae' a (Everlasting i sA 

Cats-loot) aud Ueliehrymm , with seariou* ;.w y J 

volucre. (/) A mbrositae, anthers fr*»e ; A no* L w 

tit non \ Coeklehur). (2) Lwdatijtaruc. Flowers far 

bilabiate. The majority ot the plants in this w If 

gioup are Dative of South America ; none occur yM 

in Europe. ( :t ) Lignlitiorar. ^Flowers lignlate. wP 

Mostly herbs with M-ptatod latex-i„U*s. Tar* | 9 

ojretnu/t (Dandelion', with beaked fruit, pappus 

of uiibranehed hairs ; Jmcivcn (Lettuce) ( 'rep is If 

< Haw k s- beard ; ; Ilierneium (Hawk weed', with Jf 

brownish paj»puso! unbranehed ms m 

i Sow-Thistle and Truyopoytr.i \ T. 

porri folios, feathery W 

'•»un.M a llir.\l. DlsIUim n<»N.- The Cant i' 

posit a* form the largest famih of the vegetable ^ i 

kingdom, eomprising front W.ooo to 12, (KM) 

speeies, scattered over the whole world. The j|^^^|BB&k 

following are im]K>rtant on aceouut ot their 
special economic value. Luctnea mi Hut (Lettuce), 

( 'irhorin to Endi eia f Endive i.f * (Chicory), 

Cgnara Seal poms (Artichoke./, Sror^onrrn his. 

paniea ( Viper s-gra**., Artemisin Drueuncutun mb 

( Tarragon';. Ornamental plants : baht in mri - Fio. fl»5. Isoivnt vimm (f nut, *t*e). 
ahili, ( Dahlia), various M |«^i. , ol A»t,r and /•«»«'«, ..-I wm 

Chrystntfln otinht Htlianthus an ottos {Common Sunflower), Calendula ajficitmli* 
(Pot-Marigold). 

Poisosoi/s. Laetuca drum < Fig. flH.V, a tAll glabrous herb over 1 ’£#0 metre 
high, with elougated amplexicaul leaves and small yellow -flowered eapitula hi 
corymbs. The aehenes are black and have a white t*appn*. Tl»c whole plant i* 
abundantly supplied with a white, ill smelling latex, which, as Lv<Tm:Anirat, 
is officinal in Austria. The plant is not dangerously {xdiionomt, Jett A um Sea rial a 
(Prickly lettuce) resembles the j receding sjteciea, but has almost vertieal leaves, 
not horizontal as in L. virvsu, aud brownish *< hen«g ; it is not poisonous 

Okki< in\i. —Arnica montana {Fig. 6&4) yield* ttanix KT Fumy* A ft Me a*: ; 
Artemisia Absinthium (Coimnon Wormwwl,, II MM da A»si si mi ; Artemisin ap. 



BOTANY 


PART II 



(from Turkestan), : Flores Cikab and Santoninum ; Matricaria Chamomilla , 
FloiiES%T Oleum Ghamomillae ; Cnicus bencdictus (Fig. 683) (Southern Europe), 
HerbaCardui benedicti ; Inula Helcnium (Common Elecampane), Radix Inulae; 
Tmnlago Farfara (Fig. 681), Folia Farfaraf. ; Achillea Millefolium (Common 



Flo. fi80. —Tarmac urn ojfir'ntab. 1 , Two capitulu ami a leaf ; 2, a flower ; 3, fruit ; 

4, receptacle with one It uit. ■ fimc/.v. i/.. (After Womsjdi.o.) 

Yarrow or Milfoil), Hkura Millkh»ui ; Antfamis nohilis (Carden Chamomile), 
Flores Ghamomillae Rom ana e ; Spi/unthcs olcratra (South America), Herba 
Sihlanthis* ; Lappa vnhjaris, Radix Bardanvk; Anacyclus PyrHhrum (Southern 
Europe), Radix Pyhethki ; Ta rujcuemn ojftciiutli* (Common Dandelion) (Fig. 686), 
Radix ft Folia Tauaxa<t ; Lactam rirosa, | 4 \rm\vRirM. 


Fossil Anglosperms (&) 

The first undoubted Angios|>erins appear iu the Upper Cretaceous. They arc 
represented hy numerous specie* which, like the recent forms, cau be divided into 
Monocotyledons and Dicotyledons. The most ancient forms are known only as 
leaves, so that their determination is a matter of difficulty. They agree essentially 
with living Angiosperms, and since they show no similarities to Gymnosperms or 
Fteridophytcs, do not aid in bridging over the gap l»etwcen the Angiosj>erms and 
these group**. 
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Of Monocotyledons exam pies of the Palmtir ai r knowu from the Cretaceous 
period onwards. The leaves of Dicotyledons from the Cretaoous are doubtfully 
placed in various orders which contain the more lowly organised types {Ammimm*, 
Platmmceac) ; some are aserihed to Emxihjptm, hut this is probably an to 
T he Angiosperms of the Eocene and the Oligoceno can be d^termiumi with greater 
certainty ; even in Northern Europe representatives of existing tropical and sub* 
tropical families occurred, t.g. Pahnae, l/ramemi, Smifa# among Monocotyledon#, 
numerous Ameutacme (esp. Quercus), Ltii'racrw (C* ana M'tnn m, etc.), Legami mtmr 
among Dicotyledons. 

As the present period is approached the fossil Angiospcnns throw even less 
light on the systematic arrangement of the group. The few genera that have 
become extinct (e.g. Dritophylium, a supposed aucestral form of the Oaks) are 
wanting even in the Eocene. Front the Miocene onwards the sjnvifte forms arc in 
part identical with those now living, and in the Quaternary strata all l he remains 
are of existing species. The general character of the Tertiary flora in KuToj»e was 
very dill'erenc from that of the present day. It had the aspect of the flora of a 
much warmer region, and (as in the ease of tin Gyninosperma) contained forms 
which now exist only in distant regions. These questions, however, belong 
rather to Geographical than to Systematic Botany. 
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la soc Beige de Microscopic, vol. xiii. p. 1*J. 1886, ami in 60 Vers, deulsrh. >atur* 
|»r-h,ru Arrrte ... WWtadM. Hi..!, On trail.]. 1W7-M, |, 7W* : 
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73. 


162 and 208; and Ph. Van Timiuem, Trait/* de Bot. II. Anf!. 1891, p. 694, 
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is iriven /**• Especially O. Pknjiw, PAaiizeti - Teratologic, 1890, where the 
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PHYSIOLOGY 

For more mlvanced study th* new edition of PEt6NFF.it. Pflanzenphysiologie. and 
the list of literature contained in it may be consult*!. 

2 T 



BOTANY 


j6$0 

0 MOlebr-Thurgau, Landwirthsch. Jahrb. 1880. Momsch, Sitz-Ber. k. 
Akadf% Wiss. zu Wien, 1896. Dalmer, Flora, 1895. R. Pictet, Arch. d. Scieftc. 
phys. et liat. de Geneve, 1898, III. stir. vol. xxx. p. 811. Brown and Escombe, 
Proceed. Roy. Soc. vol. lxii. 1898. Macfadyen, Proceed. Roy. Soc. 1900. (*) 

Pfeffer, Osmotische Untersuch ungen, 1877. de Vries, Jahrb. f. wiss. Bot. 
vol. xvi. Ibid. vol. xiv. (*) Schwendener, Das median. Princip im anatom. Ban 
der Monocotylen, 1879. Haberlandt, Physiolog. Pflanzenanatomie, II. Aufl. 
1896, p. 134 ff. ( 4 ) Ambronn, Jabrb. fiirwisn. Bot. vol. xii. ( 8 ) Hkglkii, Cohn’s 
Beitr. z. Biol. vol. vi. 1893. F. Schwarz, Phys. Unters. iib. Dickenwaclisth. u. 
Holzqual. von Pinus silv. Berlin, 1899. (°) Ber. deutsch. botan. Gesell, 1901, p. 

318} Hartig v Holzuntersuch. Berlin, 1901, p. 53. ( 7 ) Noll, Thiel’s Landw. 

Jahrb. vol. xxix. 1900, p. 361 ; Sitzb. Niederrh. Ges. f. Nat.-u. Heilk. Bonn, 11 
June, 1900. 0 Winogradsky, Ann. de l’lnst. Pasteur, 1890, 1891 ; Archiv d. sc. 

biol. Inst. imp. d. M&l. ex per. a St. Petersb. 1892 ; Centralbl. f. Bakteriol. 1896. 
Stutzkii, Mittheil. d. Landw. Institute d. Univ. Breslau, 1898. Behrens, Arbt. d. 
Bakt. im Boden, etc.; Arb. deutsch. Landw. Gesell. 1901, Heft 64. ( 9 ) J. Kuhn, 

FOhling’s Landw. Ztg. 1901, p. 1. ( 10 ) According to still unpublished researches 

in the Bonn-Poppelsdorf Botanical Institute. ( ll ) Wieomann and Polstorff, 
Uob. die anorgan. Be stand theile d. Pflanzen, 1842. Cf. v. Lippmann, in Cliemiker- 
zeitung, 1894. ( ,a ) E. Wolff, Aschenanalysen von laud- und forstw. Produkten, 

1871 and 1880. ( ia ) N. Willk, Festschrift f. Schwendener, 1899, p. 321. ( 14 ) 

Pfeffer, Landw. Jahrb. 1876. Osmotische Untersuchungen, 187 7. Zur Kenntniss 
d. Plasmahaut u. d. Vakuolen, Abli. math. -phys. Klasse Kgl. Sachs. Ges. d. 
W’iss. 1890. Ueber Aufnahme u. Ausgabe ungeldstcr Kiirper. Ibid and Pfl.- 
Phys. 2 Aufl. vol. i. chap. iv. ( ,r *) Nathansohn, Ber. deutsch. bot. Ges. 1901, 
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der Lemnaceen: (*) L. CElakovbky, Sitzb. dcr Kgl. bblim. Ges. Wiss. 1889 and 
Das Reductionsgesetz der Bliithen, ibid. 1894, Gobel, Flora, 1895, Ergiinzungs- 
band. PJ^ITZER, Grundziige einer vgl. Morphol. der Orcliideen. p) Prze- 
walski, Ifartenflora, 1875 and 1882. ( a ) Warburg, Die Muskatnuss. P) 

WjttKOOK, Viola Studier, 1895, 1897. p) K. Schumann, Gesammtbesehreibung 
der Cacteen. Enget-mann, Synopsis of the Cactaeeae, Proceed. Americ. Acad. iii. 
Gobel, Succulenten in PHanzenbiologische Schilderungen, i. 1889. ( ;M ) Treub, 
Annales du jardin bot. Buitenzorg. ii., iii. P) Cf. the literature under Crypto- 
gams P). 
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OFFICINAL AND POISONOUS PLANTS 


"•) Officinal in Omuftii}', Audria. or HwiMcrhtml 
- PoiHlUi ">11 s 

# Otlidnnl ami poKowm* 

)m*IY»iv tin* puji* itnlii utos a figure 


Tballopliyta 

0 Laminaria ■ Forma flmudoni, 

*«:>«, :{:0 

0 Chnudrus i’*Kjius *332, 336 
0 Gigartimi innmiitill'Kn, *332, 336 
apt Claviceps purpurea. Nvruie coniutuiii. 
*v:i. *353 

0 Poly poms foment anti-., 366, 30s 

0 Poiyporii* otfidtmlK 36 s 
-1- Boletus Sat ai i as, *306 

■t Amanita suiiKcaria, *307 
4 Amauita bit Kara, 367 
4 Lactarius tmmino»u«. 367 
-5 RunauJa emelua, 367 

1 Scleroderma vulgare. *36*. 3oO 
0 Odraria MamD-vs *37TS, 375 


Pteridophyta 

0 Anpuliujii filix mat, *302, *306. $01 
0 Ailiantum Capillu* Vetteri*. 40 J 
0 Cfbotium Barometz. $01 
0 Lycopodium davatum, *U0, l II 


Qynraoaptrma* 

* Taxutt baccata, *4 5#?, *45i» 

* Jtmiperti* Habit**, *433 
0 commuuia, *460 

0 ' oxycednis, 464 


'•> l^rix eurojMua, 464 
0 Nil linen, 464 
0 PimiH hilvfMris, *402 
0 PuiniUn, 464 
0 aiiNtralis, 464 
0 Larmio, 464 

0 TViwIa, 164 

0 1 ’innate r, 461 

0 AUm allia, *161 
0 Picvn e\rd*n. 462 


Liliiflora* 

* Coldiieum atitutiinale, *470, 471 

* Veratrain album, 471 

0 Hahadilla otticiimnim, 471 
0 Alois *471, 47- 
0 Urghtea maritime 472, *473 
0 Htuilax. 472 

f Pari* quad H folia, *470, 471 

* Con vail aria timjalU, 471 
0 IrU germanica. 475 

0 fforentiua, *473, 475 
. 0 pallida, 475 
; 0 CWn* *ativu*, *474, 475 


SpidlcttoTM 

i 

j 0 Arw* Catodm, 47# 

I 4 Aram maculnturo, *473, 470 
: -f CSiIIa paJuatris 470 
| 0 Acorn* CaUuima, *470 
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CHumiflorae 

•I- Lolium temulentum, 486, *487 
4- linicola, 486 
0 Saccharum officinaram, *486 
0 Hordeum vulgare, *485, 486, 487 
0 Agropyrura repens, 487 
0 Triticum vulgare, *485, 486, 487 
0 Oryza sativa, *486, 487 


Scitamineae 

© Zingiber officinale, *490, 491 
0 Curcuma Zedoaria, 491 
0 Alpinia offic inarum, 491 
0 Elettaria Cardamonmm, 491 
0 Maranta arundinacea, 489 


Oynandrae 

0 Vanilla planifolia, *493, 494 
0 Orchis, *498, 494 


Amentaceae 

0 Halix alba, 497 
0 Quercus pedunculate. *499 
0 sessiliflora, 500 
0 infectoria, 600 
0 Fugue silvatica, *498. 500 
© Betula alba, 600, *601 
© Juglans regia, *602 


Urticinae 

0 Morus .nigra, 605 
0 Ficus elastica, 605 
0 Oasfcilloa elastica, 505 
0 Cannabis sativa, *505, 506 
0 Cannabis sativa var. indica, 506 
0 Hum ulus Lupulus, *506 


Polyguniftae 

0 Piper Culwbft, *507, 508 
0 Rheum sp., 508, *609 


Centroapermae 

0 Beta vulgaris, *510, 611 
+ Agrostemma Githagp, *512 
0 HerniarU glabra, 613 
0 hirsuta, 518 


Polycarpicae 

♦ Aconitum Napellus, *514, *517, 518 
+ Lycoctonum, *514, 517 
4- variegatum, 517 
4- Stoerckeanum, 517 
4- Ranunculus acris, *517, 518 
4- sceleratus, *513, *515, 517 
4- Caltha palustris, *514, 518 
4- Helleborus fcetidus, *514, 518 
4- niger, 518 
4- viridis, 518 

0 Hydrastis canadensis, *516, 518 
4- Adonis vemalis, 518 
4- Anemone Pulsatilla, *515, 518 
4- liemorosju 618 
4- Clematis, 51 8 
4- Delphinium, 518 
0 llicium anisatuiu, 520 
4- religiosum, 520 
0 Myristica moschata, *518, 520 
0 Podophyllum peltatiun, *519, 520 
0 Jatrorrhiza Oalumba, *519, 520 
0 ('innamomum Campliora, *521, 523 
0 Cassia, 523 
0 zeylanicmn, *520, 523 
0 Laurus nobilis, *522, 523 
0 Sassafras officinale, 523 


Rhoeadinae 

0 Bt assica nigra, *525, 526 
0 Sinapis alba, 526 
0 Cochlearia officinalis, *526 r 
jg Papaver somniferum, *528 
0 Rhoeas, 529 


Cistifiorae 

0 Viola tricolor, *530 
* Garcitiia Hanburyi, 531 
0 Tliea chiuensis, *531 
0 Shorea Wiesneri, 531 


Columniferae 

0 Tilia nlmifolia, *534, 535 
0 platyphyllos, 535 
0 Theobroma Cacao, *585, *536 
0 Cola vera, 536 

0 tr.nmiiKitA, 536 

0 Althaea officinalis, *587, 538 
0 Malvu silvestris, *537, 538 
0 neglecta, 587 
0 Gossypimn, *587, 688 
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Qmixutleft 

0 Limim usitatisainuun, *539, 540 
0 Erythroxylum Coca, *630, 540 
0 Polygala Senega, *580, *541), 541 


Terebinthln&e 

Ac Huta graveolens, 543 
0 Citrus vulgaris, 542, 643 
0 Limonum, 543 

0 Bergamia, 543 

0 Pilocarpus pennatifolius, *541, 543 
0 Commiphora abyssiuica, 543 
0 Schiinperi, 643 
0 Boswellia Carteri, 544 
0 Bhau-Dajiana, 544 
0 Canariuin, 544 
0 Picrasma exec Isa, 544 
0 Quassia amara, *543, 5 4 1 
+ Rhus, 544 
0 Pistacia Lentiscus, 544 
0 Guajacum officinale, 544 


Sapinr'inae 

0 Paullinia C'upana. 514 


Frangulin&e 

4- EvonytuuH europnea, *515, *546 
0 Vitis viuifera, *548, 647 
0 Rhammis cathartiea, *510. 547 
0 Kraugula, *546, *5 D 

0 J’ursiuaiirt, 547 

4- Buxus scnipervirenv. 547 


Thymelaeina* 

^ Daphne Mezercnm, *547. 5 4 * 

Tnooccae 

4 * Hipponiane Mat*ciuella, «»*♦• 

-f Euphorbia *p.. *-»4S, *540 
* reKittifera, *5*0, 552 
0 Croton Eluteria, 562 
0 Tiglium, 552 
+ MercurialD annuo. *551 
0 Mallotaa phUippineiwis, *551 
At Kicinn* communis, *550, 5. >2 


Umbelliflora* 

+ liedera Helix, *553, 554 
0 Car urn Oarvi, *555, 659 
0 Foeniculutti copitiaceum, 569 


0 Pimpmella Auistun, 539 
0 Miagna, 650 
0 Saxifrage, 660 
A Coniuni nmculatum, *357, 55$, 369 
! 0 Conundrum sativum, 569 
+ Cicuta viroaa, *654, 668 
+ Siu«n lati folium, *55$, 559 
^ Hernia august! folia. 559 
~t* Aethnsa Ornapiuiu, *559 
-4* Oeimuthe, 559 
0 An hangeJca ollidnalht, 559 
| 0 Levistiemn officinale, 559 
i 0 Inijusratori* Oatruthium, 659 
; 0 PeuoseUntttu sativum, 659 
0 lV>rema Auunouiacum, 559 
0 Ferula galhaniffuo, 559 
0 Sort hex, 559 

0 Asa foetida, 569 


8axi£ragtna« 

| 0 Kibes rubrtim, 661 
1 0 1 iquidamhar oriental!*, 561 


RotiAorm* 

0 Hagcnia ubyssittiea, *666, 567 
1 A Primus LrutroceraMiM, *567 
i 0 ccrastns *666, 667 

! 0 Amygdalu*, 567 

0 <I«»in*Mica, 567 
0 Cydonia vulgaris. 667 
0 Kona ceil ti folia, 567 
0 Kuhn* idaeus, 667 
0 frntiooHUft, *664 
0 Quillaja Kaponaria, *566, 667 
0 spiraea CJmaria, 667 
0 Potent ilia Torifietititta, 567 

Le gnm l aone 

0 Acacia Catee.hu, *568, 571 
0 Huma, 57 1 
0 Senegal, *560, 571 
0 Tamariudti* iudiea, *569, *670, *672 
0 Kmuieria triamlra, *570, 672 
0 Canada neutU«»lia,^*670, 572 
j 0 aiigtialifolta. 672 

’ 0 nlmvata, 672 

j ,0 Fistula, 672 

0 Copaifrra, *571, 672 
\ 0 Haematoxylon campechtaiuivi, 672 
j 0 Myroxylou Toluifera, 67$ 

» Peretme, *577, 67 H 
' 0 Olycyrrbista glabra, *576, 577 ^ 

0 Astragalus gtimmifer, *676, 67/ 

4* CytUuK Laburnum, *670* 677 
+ alpitww, 677 

4* Weldiui, 677^ 

+ purpurea*. 677 
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-f Ciy1iBpf %iHifrv0 t 577 
+ Coroiftif ynria, *574, 577 
0 Melilotus officinalis, 577 
0 Trigonelia Foerium graecum, 577 
0 Spartium scopariura, 577 
0 Ononis spinosa, 577 
+ Wistaria sinensis, 577 
if Physostigma venenosum, 577 
0 Andira Araroba, 578 
0 PterocarpuB santalinus, 578 
0 Marsupium, 578 

Myrtiflorao 

0 Punica Granatum, *579, 580 
© Eugenia aromatic a, *580, 58] 

0 Eucalyptus globulus, 581 
0 Melaleuca Leucadendron, 581 


Hysterophyta 

+ Viscum album, *583 
© Santalum album, 582 


Ericinae 

+ Rhododendron, 585 
+ Azalea, 585 
+ Ledum palustre, 585 
0 Aretostaphylos Uva urxi, *584, 586 
0 Vaccinium Myrtillns, 586 


Diospyrinae 

0 Paluquiuru, *585, 580 
0 Payena, 586 
0 Sty rax Benzoin, 586 

Primulinae 

+ Cyclamen europacuui, 586, *587 
■f Anagallis arvensis, 586, *587 
-f coerulca, 586 
-f Primula ol>coniea, 588 
+ sinensis, 588 


Contortae 

0 Fraxinus Ornus, *589, 591 
0 Olea europuea, *589, 590, 591 

♦ Strychnos nux vomica, *591 , *592 
0 GeWmiiun uitidum, 592 

0 Gentian a lutea, *592, 593 
0 paunouica, 593 
0 purpurea, 593 

0 punctata, 593 

0 Erythraea Centauriuro, *592, 593 

* Menyanthes trifoliate, 593 
+ Neriurn Oleander, *593, 594 


I & Strophanthns, 594, * 595 
0 Landolphia, 594 
0 Hancornia, 594 
0 Willughbya, 594 
0 Aspidosperma Quebracho, 594 
+ Vincetoxicum officinale, *596 
0 Gonolobus Condurango, 596 

Tubiflorae 

j 0 lpomoea Purga, 597 
i 0 (Convolvulus Scammonia. 597 

Personatae 

if Nicoliana Tabocum, *599, *600, 602, 
. 603 

+ rustica, 601 
4 - Lycopersicum esculentiun, 602 
if Solatium Dulcamara, *600, 602, 603 
4 * tuberosum, 602 
4 * nigrum, 602 

* Hyoscyamus niger, *601, 602, 603 
if Atropa Belladonna, *601, 602, 603 
if Datura Stramonium, *602, 603 
if Scopolia carniolicn, 603 
0 Capsicum aunuurn, 603 
if Digitalis purpurea, *603, *604, 605 
0 Verbascum thapsiforme, *604, 605 
0 phlomoides, 605 
+ Gratiola officinalis, 604 

1 Labiatiflorae 

0 Mentha piperita, *606, 608 
i 0 crispa, 603 
0 Melissa officinalis, *607, 608 
| 0 Galeopsis oohroleuca, *608 
0 Lavandula vera, 608 
0 Salvia officinalis, 608 
0 Thymus serpyllum, 608 
0 vulgaris, 608 
j 0 Rosmarinus officinalis, 608 
j 0 Origanum vulgare, 608 
! 0 Majoranae, 608 


Rubiinae 

j 0 Coflea arabicu, *611, 612 
j 0 Cephaelis Ipecacuanha, *610, 612 
• 0 Cinchona suceirubra, *609,613, 612 
’ 0 Uncaria Gambir, 612 
, 0 Sambucua nigra, *613 
j 0 Valeriana officinalis, *613, 614 

j Caxnp&nulin&e 

0 Lobelia iwflata, 615 
I 0 Citrnllus Colocynthis, *616, 617 
i 4- Bryonia dioica, B. alba, *615, 617 
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Aggregate 

0 Arnica moutana, *619, *622, 622 
0 Artemisia Absinthium. 623 
0 Gina, *620, 623 
0 Matricaria Chain jntilla, *618, 624 
© Cnicus benediet w, *621, 624 


0 Tuasilago Farfarn, *620, 624 
0 Achillea Millefolium, 624 
© Anthemis nohilis, 624 
0 Spilanthca oleraoea, 624 
0 Lapr* vulgaris, *61 624 
0 Aiwcyelus Pyre thrum, 624 
0 Tartxaeum officinale, *624 
* liactura vima *623, 624 



INDEX 

{Aeterink* denote. Wort ration*) 


Abie*, *461 
Abidoideae., 469 
Absorptive {tower of soil, ] M 
Acacia, *568, *669 

seedling, *49 

tujrrmet'ophilouK forms, *21.5 
Accessory shoots, 20 
Acer, *544 i *' 

Aceracmr, 544 

Acetabular ia , *324, 32.5 

Acliene, 450 

Achillea, *428, 623. 024 

Acijl from roots, on marble, 182 

Acidum agaricjuttm, 368 

Aconiltm, *428, *5J.J, *514, 510. 517 

Acorns, *4/9; root. *108 

Acrocom’a, germinal pore. *21*2 

Aeropetal development, 13 

Adorn, 6(6 

Aetinouiorphic plants, 16, *133 
Acyclic flowers, 431 
Adausonia, 238 

Adder’s Tongue Kern, Ojthh*glwtM 
Adonis, *513, 517 

Adventitious shoot*. 20, 28, 143; rt»ot\ 
44 ; .struct u rex, 225 ; germs. 278, 116 
.‘Kcidkwpores. 360 
.Keidimn, *36". 362. 363 
Acre ling roots, 16 
Aerobionts, 219 
Aerotropixm, 261 
ifiacuKii, 78, 205 
Acscidun, *434, 544 
.Estivation, 37 
AdhaUnm, 303 
Aethum, 557, *559 
After-effects, 237» 255 
Agar-agar, 336 
Agarmntae, 367 
Agaric in mu. 368 
Agariena albas, 367 
Agathis, 459, 460 
Agave, 472 

*> 


Age of plan!*, 238 
Aggregatae, 817 
! Agrimo»i^ 665 
• Agvapf/eum rrjsf as, 487 
A <tros( noma, *612 
A grout is, 485 
, Air stomata, 97. 18s 
! . I i'.mcear, 509 
| Ajitga, 60S 
Maria., 334 
! A /Align, *343 

; Albuminates uf the protoplasm. 56 
Albuminous Mtlmtames, formation of, 20t> 
Alburnum, 126 
! Alcbrmdla, *562, 663, f*6f 
Alcoholic fermentation, 220 
Alder, I loos 

Alciirone, 74 * 

; .l6/o, 299; forms of, 12; apical cells, 
I 146; symbiosis, 213; phosphor**- 

. eenec, 223 

Algal Fungi, 341 
Ahstna, 487 

, f lisinorfitr, 48* 

; Alkaloids, 56, 78, 205 
' A Hi am, 470, 471 ; adventitious root 
! of. *113 

: Allochlorophyll, 61 
I Almond, t'runm Amygdala* 

I Mum, 500, *501 
| .15*-, 469, 470, *471, 472 

| epidermis and stomata, 98 

Mnpeeuru*. 485 ; 

Alpine Violet, t'ffdameu 
Alffinia, 491 
Al*fige Orange, Madam 

AUgMn, *897, 398 
Alternation of generation*. 47 
Alt ham, 427, 586, *537, 588 
Aluminium in plant*, 170, 174 
Alveolar protoplasm, 56 
Alymm 8. 526 
.4»tt*»tl|*, *367 
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4masyUmcm, 472 # 

Amber, 98 4 1 

AmbrosUae, 628 

Amel com, %riltcum dicoccum 

Amentaceae t 495, 625 

Afmcia, 269 

Amide, 77, 171, 20r -■ * 

Amitotic division, 82 
AmmOnia, 171 
Ammontycufo, 559 
A moebae of Myxomycetw, 55 
Amoeboid movements, *241 
AnuyphophcUlus, 479 
Antpelopsit, 646 ; tendrils, *27, *265 
Amphibious plants, 235 * 

Amygdalae, 567 ' ■ -* 5 ’ # 

Amygdalin, 78, 205 
AmylodexjtriD, 78 * 

Amylpid, 69, 73 # y 

Amyluin centres, *59, *314 

Amylum tritiei, 487 ; matantae, 489 ; 

oryzae, 487 
Anafxfcna, 213, 810 
Anacardiaceae, 544 
Amcydm, 624 
Anaerobionts, 219 
Anagallis, *450, 586 * 

Analogous parts, 9 
Ananamt, 475 
Anaptychia, *374 
Anatomy, 10, 51 
Anatropous ovule, 423 
Andira, 578 
A mtrftiea, *388 
Andreaeaceae, 888 
Andrcecium, 426 
.1 ndrfineda, 584 
A-ndropogott, 486 
A ndrmv'fy 586 
Apdrospores, 322 
Anemia, *398 
Anemone, *513, *515, 518 
Anetnophilotw plants, 281 
Anethum, 558 
Angelica , 557 
A uginpteris, 399 

A ngiosjtennae, 465 ; fossil, 624 ; sexual 
generation, 440, 442 ; fertilisation, 
' *87, 442 * 

Anise, Ittmum '* 

Anisotropy, 249 
Annual rings, *124, 125, *127 
Annuals, 29 
Attnnlaria, 416 < 

Annulus, 398 
Antenmria, 623 
Authela, 436 
An/Amu, 623, 624 
Anther, 426 


Agtheridia, 317, *876, 899, *400 

jknthocerob *383 

A^nthocerotueeae, 383 

Anthocyanin, 78 

Anthoxanthum, 485 

Antkrucu s, 558 

AnthylUs , 574 

Anticlinal walls, 148 

Antimony in plants, 170 

Antipodal cells, 442 * * 

Antirrhinum , *450, 604 , 

Ant plants, *213 

Apex, 146 > 

Apium, 558 
Aplanogametes, 325 
Apocarpous gyncecinm, 427 
Apocynaceae , 593 
Apogamy, 278, 401 '» 

Apophysis, 389 
Apospory, 279, 401 
Apothecium, 347, 350 
Apple, Pirns mains 
Apposition, growth by, 64, 230 
Apricot, Prunus amieniaca 
Aqua, laurocerasi, 567 
Aquifoliaceae , 546 1 
Aquilegia, *513, 517 ' 

Arabia , 526 * 

A rnccae, 478 
Aruliacene, 553 
Araroba, 679 
Araucaria, 458, 459, 461 
Arbor Vitae, Thuja 
Archaeocalamite*, 416 
Archungeltca , 567, 559 
A rchegoniatae, 376 *# 

Arehegonium, 376, *377, *400, 440 
Archeplasm, 58 
| Archetypes, 3 

xtostaphyfoSf *584, 586 
reyria , *302 
reea, 478 
renaria, 542 
| Argiuin, 201 
* rillns, 448 

rintotochia, 582 : stem, *112, *122, *128 
riMabehiaceae, 581 - , 

me rite, *429, 688 
miliaria, *364 

mica* *619, 621, *622. 623 , - 
raid me. See Araceae 
rrhenatherum , 485 
Arrow-grass, Triglochin 
-head, Sagittaria 

-root, 489 > 

•wood, Viburnum 
Arsenic in plants, 170 
Artemisia, *620, 623 
Artichoke, Cyrnra ttcolym m 
Jerusalem, IfcHunthus tuberosus 
] A rtocarjnu t, 505 
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Arum , *478, 478 
Amfoetida, ^ 559 
' AsaraWccaJ' Marum 
Asarum, *582 
Asclepiadaceas, 594 
Asdepias, *595 
Ascoholus, 351 
Ascogoniurn, 848, 851, 875 
Ascolic.heiae, 372 
Ascomycetes, $40, 346 ; fossil, 416 
, Amut, 340, 346 
Asexual generation, 392 
reproduction, 274 
spores, 340 
Ash, 170 

Asparagiu, 77, 201 
Asparagus, 471 
Aspergillus fumigatvs, 211 
AspertUa, *611 

Aspulium, *392, 395, *396, *30S. 401 
Aspidosperma , 594 

Asplenium , sporophytic budding. *277 
4 Assimilation, 194 ff. 

Aster , 623 

Astragalus , 574, *576, 577 
556 

Asymmetrical floweis, *433 ; member* 
17 

' i Atavism, 153, 275, 287 
Atmospheric pressure, 186 
. 1 triplex, 571 
Atrapn, *601, 602, 603 
Atropin, 603 
Atropous ovule, 423 
Attraction spheres, *52 
Attractive ap|»aratus, 2*2 
Anrinditria, 363 
J uriculoricur, 363 
Autobasidia, 357 
Autcecious f 'ted haute, 362 
Autonomic movements, 248, 26 * 
Autotropism, 262 
Autumn wood, 125 
A t» xanometer. 231, 232 
Auxiliary cells, 334 * 

, Auxospores, *312 
A ram, 483, 485, 486 j starch. *73 
Axial woo<U 137 
Axillary shoots. 20 

Axis, 21, 28 ; of a flower, 429 , of attrac- 
tive apparatus, 282 
Awha, 584. 585 
Audio, 403, 404 
Amrdk ?, 556 
Azygos pores, 346 

Bacillus, 304, *305, *306, *307 ; rad i- 
dcola, *210, 309 
* Bacteria, *11, 304 ; 416 

Bacterioids, 210 
Bacterium, 304 


Baimt , 465 
ttalanophm umc f 582 
Balm, common, Mdum 
1 fWmmiwume, 540 
BalsamuD* cojudvae, 572 
peruvianum. 578 s 

tolutanum. 578 * < . 

Qambum, 485 
.v Banana, Mfmt 

Banyan, Ficus Ungidcnsis, indict*' 
j fcnharea, 526 x * * 

, , Barlwrry, Btrtxris 1 

; Barium in plant% 170 
i Bark, 140 “ * 

| Barley. llonltuM 
I Base-rocket, Itcsseda lutea 
I Basidia, 340, 356, *357 
i /Uisidiom writ'*, 840, 356 
> BnsidiosjKm h, 340 
! Maywood, Tilia 
j Mast, U4, 131*1 32 ' 

Bastards, sec Hybridisation 
Bastard toad flax, Thesium litiaphyllum 
| Bat mrhanpcnm*m, *333 
1 Bcarberry, ArrtasUrphylas 
Bearded Darnel, Jsiiam tcnulcntmn 
i Heard Lichen, fVnor fnnUta 
{ Hoar's- loot, HrUAtoru* /act itlua 
; Hcdstraw, Oahum 
I Beach, Fag a a 
I fleer- waftt. » SarkownnycehM 
! Bret’ to to 

B\ggi*daa, 306 * p 

j Began b, 532 
. win rims, 253 

Begonitltetle, 532 
Belladonna. 602 
Bell-flower, Campanula 
lfemmittuin, 586 
ftrehc¥id*n'Mt, 520 
Be, Ur is, 520 

, Berry, structure of, 450 
J BerthoUdiu, 76 * 

B* rula, 550 
; Ufa, 234, *51 0 
Retain, 201 
Be tony, Siachys 

| frodu, 498, 500, *501 ; i*arlt, 140 
Bet id at dear, 498 
Hifutlit^rsl bundle*, 107 
HinuUc*, 584 
Biennial* 20 
B/ant, 556 

’ Bifurcation. 17 20, *146 

Jtigauma, strut, *137 : wwd, *280 
: BifMiminceiu, 605 : thickening, *187 
Bilateral plants, 16 
Biology, 158 
/iiofrt, 50 
Birch, Bduh* 
j Birth WOrt, AriatnMm 
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Bisyimnetricaf plants, 16 
Bi|tet PNicip^ 78, 205 
Bitter-sweet, Solanmn Dulcamara - 
Blackberry, Ritbus 
Black Henbane, Hyoscyamus 
Bladder-plums, Exoasms 
Bladder wort, Utricularia 
Mosul, 883 ; development, *1 j 
Blechntm, 425 
Bleeding, 183 
Blitoim, 510 

Bhimmbachid, climbing, 260 
meins, ift 15, *366 ; tissue, *92 
Boraginaceae, 597 ; rust fungi on, 362 
Borage, *597, 

Boron in plants, 170 
Boatryx, 436, *437 
Botrychium, *399 
Botrydium, 322, *323 
Botryoae inflorescence, 435 
Bouncing Bet, Saponaria 
Bwista, 369 
Box, Buxus 

Bracken, Pterin aquitina 
Bracteal leaves, 36 
Bracts, 36, 438 
Brake, see Bracken 
Brandi systems, 17 
Brand fungi, 357 
spores, 357 
Brasilia, 126 
Rrassica, 190, 308, 526 
Brazil wood, Caesalpiuiu 
Bread - tree, . I rtncarpwt 
Bristles, 101 
Briw, 485 

Brvmelitteeae, 475 ; aerial roots, 46 ; water 
reservoirs, 193 
Bromine in plants, 170 
Broom, (h'ofxinc/tc 

Scotch , Kpart i u m sco/xt ri inn 
Brucin, 205 
Br i/in ae, 445, 389 
Bryonia, *615, 617 
Bryophyta , 14, 376 ; fossil, 416 
Bryopsis, 325 ; thnllus, 227 
Buck bean, Menyanthes 
Buckthorn, Rhomnus 
Buck wheat, Fagopyeu m 
Bud, *19, *22 
stales, *22 
variations, 1 53 
Budding, 229, 273 
Bugle, Ajvgu 
Bulbils, 22, *23, 276, 277 
BvlMutHe, *321 
Bulbs, 28 

Bnlbus Scillae, 472 

Bundles, primary vascular, 104,; conduct- 
ing, 104 ; collateral, 107 ; concentric, 
10$ ; termination of vascular, 109. 


*110 ; course of vascular, 118 ; 
| common, cauline, and foliar, 120 
\ Bupleurum , 556, 557 ; leaf, 31 
[ Burdock, Lappa 
| Burrs, formation of, 143 
l Bv rscracem, 543 
| Bush-Honeysuckle, Weigel Ui 
j BiUomns, 488 

| Butter-bur, Petasites vulgaris 
j Buttercup, Ranunculus 
I Butterwort, Pinguicula 
i Buxaceae , 547 
! Buxus, , 547 

j Cacao, 536 

j -tree, Theolmma Cacao 
, Cactaceae , 532 ; swollen stems, *26, 193 : 

growth, 234 
1 Cactus, Cactaceae 
Car sal pinaceae, 571 
Caesalpiuia , 326, 572 
i Cakile, 526 
Calabar beaus, 577 
j Calamarieae , 416 
! Calamites, 416 
Ctt l a mosla rh ys , 416 
Calamus, 478 

Calcium in plants, 170, 171 
carbonate. 70, 99, 126 
malate, 71 

oxalate crystals, 74, 75, 111 
Calendula , 623 
Cnl end idea e , 623 
('alia, 479 

Lily, Richa edict 
Callithumnion, 331, *333 
( kdlitriehaceae, 552 
Callose, 68 

Cull u no, 584 ; pollen-grains, *422 
Callus, 142, 228 
-plates, 89, *90 
Caloritropism, 261 
Cult ha, *514, 517, 518 
Cal yet /f ante , 427 
Culyptra, 15, 43. 389 
Calyptrogen, 151 
CulysU'gia, 597 
Calyx, 426 

Cambium, 108. *122, *123, 124, 125 
Camel itia, 526 
Camel! itu 531 
Cam/Hinula , *614 
Ca mpo n ulaceae, 61 4 
Campa n ul inae , 614 
Cam peachy wood, JlaematoxyUm 
Camphor, 76, 528 
Campion, Lychnis 
Campytuspermeae, 557 
Campylotropous ovule, *423 
; Ga nar turn, 544 
I Candytuft, JheHs 
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Cane-sugar, 77 

Carom, *489 ; seed, 292 ; starch, 72 
Oannahimcea* , 505 
Cannabis , *505, 506 
Cannaceae, 489 

Cantkarellus, 367 ; 

Caoutchouc, 77, 206, 505, 550 
Capillarity, 186 

Capillitium of the My.com y erf ui, 302 ; of 
the Gasteromycetes, 369 
Capitul um, 436, *618, 619 
Capparidctceae, 527 
Capparis , 527 
Coprifoliaceae, 612 

Capsella , 526 : seed, *447 ; emhryo, 446 
Capsicum i 601, 603 ! 

Capsule, 449, *450 ! 

Caraway, Co rum 

Carbohydrate, 197, 201, 220 I 

Carbon, 170, 171 : absorbed, 195 

Card amine, 525 

Cardamom, 491 

Cardiual points, 161, 234 

Cardans, 622 ! 

Carer, *481, *482 

Carico , peptonising ferments, 71, 206, ! 

532 ! 

Carirareae , 532 
Cariroideue, 482 
Cariiml canals, *406 
Carnivorous plants. *214, 215 
Oarob tree, (Jr rot on in 
Carophylf occur, attacked hv f '*t it< t < a >, 358 
Carotin, *62 
Carpels, 427 

Corpinu #, 498, *501 ; cutting, * I s , 49, 
*180 ; abnormal growths, 355 
Carpogonium, 334, *374 
Carpophore, 556 
Car pos pores, 334 
Carragheen, 336 ' 

Carrion Mowers, 283 
Carrot, Dooms 
Cannn, *555. 557, 559 
Caruncle. *548 * 

Caryoph yd occur, *51 1 
Caryophylli, 581 
Caryopsis, 450 
Conjoin, *475 
Cassava, Mon dud 
Cassia, *576, 571, 572 
Cassjfiha, 523 
Costarica, 256, 498 
Castor- oil, 552 
plant, Itirinm 
Casmiri tut, 444 
Casuarimesae, 503 
Cataljm, 605 
Catechu, 571, 612 
Catkin, 435 
Cat-mint, Xcjxta 


CuomJis, 557 
Canriicle, 492 

Canterpa, *324, 82$ ; phytogeny of, 143 ; 

organs, 225 ; movement, 240 
Cattles I)uU amarae, 608 
locidia, 153 
Oeciaomy a, 153 
Oecroput, 218 

Cedar of Lebanon, Ct stmts Uban 
Ccdrm ?, 463 

Cel&mliue, Che ! ' Ionium 
Cdostroeeae, 545 
Celery, Ajiium ymr*n>J<’H# 

Cell, 51 . nucleus 58 : multiuudear, 59 ; 
division, 83 ; budding, 86 ; nap, 77 ; 
wall, 63-70; fusion, 884-2: eom- 

painon, 106, 132: tmn*<tu>u. 110; 
medr.ihirv rays, 135 ; emnp'ementary, 
141 ; ‘daments, siy-fm and masse*. 
146; apical, 146; multiplication, 
279 

Cell-plasm, sty Cytoplasm 
< Vllular plants, 145 
Cellulose. 68 
rdtis, 504 

Cento u reo, 62 1 , 623; flower, *272 
I Vutaurv, Kn/throeo 
Central Uulv, 304 
eylmder, 112 
t'< of coat has, 614 

(Viifrosoiin*. 52, 59; in mnlenr division. 
*>2 

• V nh'ttHj* rmot , 510 

< ’••ntroxphen-s. *52, *82 

t '••/ihuri *610, 612 

t ^p/udonthero, 493 
CffdoiMun, 216 
Crrostmni, 512 
f Yntf iwtty.ra, 302 

< % rotoph uHaceoc, 593 
, tWris, 572 

, < VreuK *485 

'j lYt'itfrytO, latex tuW*», *’70, 71 
t\ru.nf’ou, wax, 96 
Cut curia , *373, 3# 5 
f r hfi*’rophtdlu/a, 557 
, f, 'hoetacl i ad i u m , 3 4 1 » 
i Chain**. *423 
, Chnlajeogniny, 442, 496 
Chaiiutsrttft*, 477 

Chamomile, A at he mi*. 621 
Wild, Matricaria 

chum, *336, *337, 338; *pmii*Uw>i«I # 
*87 

nimto, parthetiogemssi ♦. 278, 338 
ChoforS^or, 886 ; circulate * of protoplasm, 
3flL 243 ; nuclear division, 82 ; fossil. 

4i« 

Ckcir&fiOk*** 525. 526 
ChriraMnim*, 417 
Cheiukmiont, 528 i nap, 90] 
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Chemosynthesia, 197 
ChemoUi^ic movements, 242, 280 
Chemotropism, 261, 280 
Cherwpodiaceae. 510 *, thickening, 136 
Chenopodium, *510 
Cherry, wild, Prvnus avium 
dwarf (Morelio), Prunus cerosvs 
gum, 69 

Laurel, Prunus laurocerasvs 
Chervil, Chaerophyllum 
Garden, A nthriscus cerepdium 
Chestnut, Oaetanea 
Ohickwe*d, Cerastium 
Chicory, ChicorUi lntyhus 
Ohiropterophilous plants, 283 
Ohitin, 68 

Chives, Allium scfoxnoprasum 
Chlamydospores, 340, 357 ; of the Brand 
Fungi, 358 ; of the Vcedinear, 359 
Chlora, 593 

ChloreJla, symbiosis, 317 
Chlorine in plants 170, 174 
Chloroiodide of zinc, 68 
Chiorophyceae, 316, 317, 370 
Chlorophyll, *61, 196 
grains, *60, 117, 195, 197, *244 
Chi (trophy turn, 251 
Chloroplosts, 61, 72, 244 
Chlorotic, 173 
Choanephora , 346 
Chocolate, see Cacao 
Choiromyces , 355 
Chondriodenna , *54, 55 
Ctumdrvs , *332, 336 
Chorijtettdae , 495 
Christmas Hose, Hellebore niger 
Chromatin, 58, 79 

Chromutophores, *51, *60, *62 ; in epi- 
dermis, 97 

Chromium in plants, 170 
Chromoplasts, *62 
Chromosomes, *79, *80, 81 
OhnsH'ocaus, 310, 375 
('hroolepitleae, 319 
Chroolepus, 319 
Chrysanthemum , 623 
Ohrysarohinum, 578 
Ohrysobalanmdeae, 565 
Clirynophyll, 60 
CicJwritun, 623 
Vmtttu *554, 557, 558 
Cilia, 54, *87, 241, 304 
Ciluda, 213 

Cinchona, *609, 611, *612 
Ciucinmui, 436, *437 

(MnnamuMum, *520, *521, 523 ; ethereal 
oil, 76 ; fossil, 625 
Cinnamon, 523 

(Sreaea, 579 „ 

Circulation of the protoplasm, 57, 243 
ClrcumnuUtious, 248 


Cirsium , 622 
Cissus, 546 
Cistaceae , 529 
Cisti/lorae , 529 
Citric acid, 205 
Citron, Citrus medica 
CitruUus, *616, 617 
Citrus, *542, 543 
Cladodes, 25, *26, 30 
Cladonia , 373, 374 

Vladophora , 319, 320, *321 ; formation, 
*12, 13 ; inultinuclear, *59 ; cells, *84 
Cladostephus , 325, *328 ; formation, *12, 
13, 146 

Cladothrlx , *305, 306 
Clavaria , 365 
Claraviecte , 365 

Claviceps, *352-355 ; tissue, *93 

Cleavers, (tedium 

Cleft leaves, 32 

Cleist iH'urpae, 388 

Clematis, 516, 517 ; pith cells, *63 

Climbing roots, 45 

Closing membrane, 66 

Clnsterium , *315 

Clover, Tri/olivm 

Cloves, 581 

• Club Mosses, Lycopodinae 
\ Clnsiaceae , 531 
t ('uieus, *621, 622, 624 
i (Wmea, 264, 597 ; seed, 291 
Cobalt in plants, 170 ; reaction, 190 
Cocaine, 205, 540 
| Cocci, 304 
| ( ■occoacis, 312 
i Cochlcaria , *526 
i Cocklebur, Xanthium 
Cocoa, Cocos 
-butter, 536 
-nut. Cocos nuciffoa 
Coats, *475, *476, 478 
Cocos lap idea , germinal pores, 292 
; Codein, 205 

Coelebogyne, 446 ; adventitious shoots, 278 
j Coelosptnneae, 558 
! Cofen, *011, 612 
j Coffeinum, 205, 612 
; Cof &,ide ae, 611 
: Cohesion movements, 246 
C olchicum , *470, 471 ; tuber, 24 
| CoHema, *374 

i ( ’ollcnch t/ma, *66, 67, 111 ; development 
of, 169, 236, 264 
Colleters, 103 

! Volletin, erveiata , spines, 27 
Colombia, 191 
! Colophonium, 464 

: Colouring matter, 52, 78, 97, 185, 205 
Coltsfoot, Tussilago 
Colu nibble, . 1 yt « ilegia 
Columella. Myxomycetes, 303 
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Columella, Bryophytes, 379, 383, 386 
387, 389 

Columniferdt, 633 

Colza, Brassica Rapa {oleifeni) 

Comarum , *662 
Comfrey, Symphytum, 

Commiphora, 643 
Companion cells, 106, 131 
Compass plants, 263 

Compositor , 618 ; inulin, 77 ; succulent 
stems, 193 ; staminal leaves, *272 : 
inflorescence, 439 
Compound leaf, 32 
Conceptacles, 329 
Cone, vegetative, 18, *19 
Con/ervouleae , 319 
Confocal parabolas, 148 
Congo red, 68 

Conidia, 339, 343, 344, 348, 352. 356 
Conidiopbores, *349, *352, 356 
Coniferae , 454, 467 : foliage, 31 ; roots, 
44 ; young plants, 49 ; sieve-plat .‘s, 
*65 ; resin -ducts, 93, *127 ; bast, 
132 ; cypress-like, 193 ; mycorrhizo, 
211 ; germination, 291 ; fossil, 465 
Coniferin, 68, 205 
Coniin, 205 

Conium, *555, *556, 55?, 568, 559 
Conjvgatae , 280, 314 
Conjugation, 314, 316 
Connate leaves, 82 
Connective, 426, *427 
Consortium, of lichens, 370 
Constituents of plant body. 170 
Contact stimuli, 263 
Contagium fluidmn, 212 
Contort or, 688 

Contorted leaves 37 
Contractile vacuole, 55 
ConmUaciu, *31, 471, 472 
Convofml write, 596 
Convolvulus, *596, 597 ; coils, 260 
Co-operation of living cells, 186 
OopaiferUi *571, 572 
Copper in plants, 170 % 

Copra, 478 
Coro , 372, *375 
Corallin, 68 

CoraUinareat , 332 ; fossil, 415 
Coralliorr/uM, 494 ; rhizome, 23, 24 ; t 
less, 46 ; saprophytic, 209 
Cordaiten , 464 
Cordia, 213 
Cordiaceae , 598 
Cordylinf, *138 

Coriandram , *555, 556, 558, .»*»9 
Cork, *61, 139, *140, 142 
oak, Qiitrca* nutter 
Cormophytes, 14, 43. 59 
Cormus, 14 „ 

Corn, *75 ; laid, 260 ; shower of, 2/ < 


, I Ocmatxae, 553 
[ Corn-cockle, Agmstemmx 
j Cornel, Comns 
j Comus, *562, 653 
j Corolla, 426 
C irrelatiou of growth, 226 
I Cartel, VI ; Cascarillae, 552 ; Cinchonas, 
612 ; Cinnamomi, 623 ; Cmuanioml 
! zeylauici, 523; Comlurango, 596; 

j Frangulae, 547 : Fructu# Aurantii, 

543 ; Gra ati, 580 ; Limoni*, 548 ; 
Mezerei, 548 ; Quercna, 500; Qull- 
j lajiie, 667 ; Quebracho, 594 ; Kh&mni 
| Puisbiatiac, 547 J Salieis, 497 ; Sas- 
safras, 523 

I Cortical rays, 135 ; pores, m L* tdiceb 
j Corydalin , *527 
i Corytm, 498, *501 
: Corymb, 486 
| Cos,r.arutM % *315 
j Cotton, 5SC 
' -plant, tiossypium 
Cotyledons, *48, 49, 292, *451. 452 
’ Cowslip, Primula 
Cow- wheat, Mrlantpyrum 
1 'mutin', 526 
Cranesbill. Or ran turn 
; i 'rassulavcar, 560 

• Cottar* run, 564. 667 ; thorns, 27 ; leaves 

*isp 

• Crenate leaves, 32 

( Crenot/ivi *\ 306 

, t 'rrput, 623 

| Cress, Hitter, f'urdnuiiur , (iarieu, Is put 
sativum ; Indian, Xanturhuu 
Penny, Tfdanpi ; ltoek, A raids; 
Water. Xanfurtinni offtrinatv; Winter, 

7 tu rbarea 

Cntoano, *302. 303 
; Co run, *471, 476 ; tulier, 24 
1 'rot on, 650, 552 

I Crowbttrry, Hlack, Kmjtr/nim nigrum 
; Crowfoot Ranunculus 
Crown 1 in peri&l, Cummin natim* 

( 'run ferae, 524 ; mucilage, 69, 291 
Cryptogams, 296, 298; vascular, 891 
! fossil, 415 
i 'vypfmjmrtt, *362 
i 4 ul slut, 608 
( Cuciiuiiier. Cummin 
) Cummin, 617 

| I'urnrbita, 617 *, sieve- tiling, *90 ; light, 
f 284 ; rupture of seed -coverings 298 ; 
pollen-grains, *67, *422 
('urutbilarrar, 615 ; bundles, 107 ; tell* 
drils, 264 

< ttdweed, (inaphalium 

Cuphm , wed, 291 
Coptrrmndeae, 132, 461 
t'uprem**, 460, 461 
t it pul if erne, 497 
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Currant, 

Curvature, 245 ; growth*, 247 ; of grass* 
haulms, 260 

OutctUa, 207 f *208, 597 ; reduction in 
leaves, 26 ; roots, 48, 46 ; haustoria, 
225 ; movement, 240 ; tendrils, 266 
Cuticle, 95, 96 
Cutin, 69 
Cutinisation, 69 
Cutlepaceae, 829 
Cyanoph$beae, 809 
Cyathea , .395 
Cyatheaceae, 895, 398 
< Jyathium , *548, 549 

C'ycadaeeae, 454 ; thickening, 136 ; fossil, 

464 

OycadUt* , 464 
Oyeadofilim , 416 
Cycas, 810, *455 ; flowers, 438 
Cyclamen, 586, *587 
■Cycle, 40 
Cyclic flowers, 431 
Cydania , 69, 564, 565 
Cymose inflorescences, 436 
Cynara Scdymis, 622, 623 
dynamic, 622 
Cynips galls, 1 53, 500 
Cyperareue , 480 ; sheath, 34 
Cyperus, 482 
Cypress, Ouprcssns 
Cypripedkim , 491 
Cystids, *363 
Cystocarp, 334 
Vystocoecus, *371 

Cystoliths, *66, 67 ; callose, 68 ; calcium 
carbonate, 70 
Gy stop os, 343 
Gytims , 575, *576 
Cytoplasm, *51, *52, 55, 57, *89 


v 


Ihtdylis, 485 

Dahlia mriabilis , 623 ; tubers, *44 ; inulin, 
77 

Dandelion, Taraxacum 
Daphne , *547, 548 
Jlarlingttmia, 216 
Date* palm, Phoenix 
Datum, *602, 603 

Daunts, 556, 557 ; colouring matter, *62 
Dead* nettle, Lamium 
Decurrent leaves, 32 
DcUmria, 332 * 

Delphinium, 517, 518 ; cotyledons, 292 
Ikntaria bvlhifem, *23 
Dentate leaves, 32 
Derivative hybrids, 288 
Dermatogen, 148 
Desiccation, 177 

Iksmidiaceae, 315 ; movements, 242 


Demodiwm, 574 ; movements, 268 
Dculzia, 561 

Development, periodicity of, 236 
Dextrin from starch, 74 
Dextrorse stem-climber, *259, 260 
Diageotropism, 256 
Diandrae , , 493 
Dianthus , 512 

Diastase, 202 ; in the protoplasm, 56 ; in 
fungi, 212 

Diatomeae , 311 ; form, *11 ; silicon, 174 ; 

movements, 242 : fossil, 415 
Diatomin, 312 
Diatropic movements, 250 
Dmntra, 528 
bichasium, 436, *437 
Dichogamy, 284 
Dichotomy, 17, 146 
Diclinous flowers, see Unisexual 
bicot yUdmies, 494 ; liervature, 33 ; bundles, 
106, 112, 119 ; fossil, 624 
Didamuus, 93 
Didyiniema, 375 

Didynta, 325, 331 ; form, *13 ; cells, *146 

bidyotaceae, 331 

Differentiation, 157 

Digenetic, see Sexual reproduction 

Digitalin, 205 

Digitalis, *603, *604, 605 

Dill, Anethum 

Dimorphic heterostylv, *285, 286 

Dioecious plants, 284 

Dionaea , *215 

b imcoreaceae, 475 

biospyrinae, 586 

biospy ros, 126 

biplecololtetic, 525 

Diplocaulescent plants, 28 

Diplostemonous, 432 

bi psacaceae, 617 

Dipsacus, 618 

Diptera, 163 

b i pt eroca r^stcme, 531 

Direct division, 82, *83 

Disc of flower, 431 

Jtischidia Rajflesiuna , 193 

bi scorn ycetcs, 347, 349 

Dissemination of seeds, 288 

Dissepiments, 427 

Divergence, 39 

Divided leaves, 32 

Dock, Rumex 

Dogwood, Corn ns 

bolichm, 575 

Itorewa, 556, 559 

Dormant buds, 22 

Dorsi ventral plants, 17; shoots, 40 ; organs 
250, 262 ; geotropism, 256 
braha, 526 

Dracaena, 471, *472, 625 ; raphides, *75 ; , 
thickening, 138 
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Drimys , 130 
Dropwort,. 0 enanthc 

Dros&ra , $31 ; digestive glands, *103 
214 * 

Droseraceac, 581 
Drupe, 450 
'bryophyUnm, 625 
Duckweed, Lemnatxue 
Dudrettnatya, 334, *335 
Duramen, 125 
Duration of life, 236, 238 
Dwarf shoots, 21 
Dyer’s weed, Hernia Ivteola 

Earth-star, (t taste* 

Echinodorus, 488 
Echium , 597, # 598 
Metacarpus, 325, *328, 329 
Eel-grass, Eastern 

Egg* 86, *87 ; apparatus, *442, 143 ; cells, 
441, 442, *443 
Efaeaguaceac, 548 
Elacia guineensis, 478 
Elasticity of plants, 1 63 
Elaters, *247, 379 
Elder, <S umhucus 
Elecampane, Inula 
Electrotropi.mu, 261 
Elemi, 544 
El at tar ia, *448, 491 
Elm, ( T lmns 

Ehntm, 282, 488; assimilation. *199 

Elongation, phase of, 229 

Embryo, 47, 444 ; bearer, .see Suspensor ; 

sac, *87, 280, *442 
Embryology, 47 * 

Embryonic condition. 18, 47, 221 
EmhrynphyUt Raid u*ga not. 392 , dp/aaoi- 
(jama, 440 

Emergences. 46. 102. 103 
Emprtmeme, 547 
Empetrum , 547 
Empirical diagram, 39 
Etnulsitt, 71 

Enchanter’s Nightsh .de, Cirmtcn 
Endive, f'iehorinin End trio 
Endoearp. 449 
Endnmrpou, 372 
Endochrome plates, 312 
Kudodermis 112, *113, 114 
Endogenous shoots, 21 
EndophyUmn, Basel La of, *357 
Endosperm, 443, 446, 448 
Emlosjwres of the bacteria, 305 : of the 
fungi, 339 

Energy, respiration as a source of, 219 

Enhalus, 282 

Entomophily, 282 

Enzymes, 202 

E/thrbe, 370 

Ephedra, 464 ; cells 86 


Ephemenon, 388, *391 
Epidermis. 95, 96, *97, 111 
Epigeal, 292 

j Epigynous flowers, *430 
. Epi/obiutn , 579 
Epinasty, 248, 263 
I Epipart , 494 ; cell division, S3 
| Kpiphvlhtm, *582 
: Epiphytes, 214 * aerial roots 45 
1 Epifuyun, 494 

| Eqaifieiinae, X 1, 405 ; cuticle, 96 ; Wil. 
416 

Equisi'hnn, 405, *406, *407. *408; silica. 
70, i 74 ; bundles, 108; apical cells 
*M7. "148 ; spores, 225 
■Krgot, fungus of, Clw'urps pur* 

Erica, 3*5 

i Enatrrai, \"si ; attacked u\ d'tiEisn/ia, 
*364 

Et.dnae. 583 
Eriroiuctu , 584 
Engervn. 623 
Erinphorutn, 482 

f Ertuliuui, 540 ; grain nm, fruit, *216 
Ergs imam, 526 
Eeyxiphe, *86 
Erytbrnxylum, *539, 540 
Ether vajsiur, influence on rtMmg itcrind 
238 

Ethel eul oil, 76, 93, 205 
; Eucalyptus, 58 J, 625 : heterophvll\, 34 
Enrhanna, 336 
Endoriua, 317 
Eugenia, *580, 5 81 
Eng fen a, 301 
Emnyrrtt.s, 338 
En}«tt>>ri<'tr. 623 
Enjmtoeinm, 623 

Euphorbia, *518, *549, 552 ; succulent 
stem*, *193 ; swollen stems, 26 
Euphonutirio*, 548 ; resin, 77 ; latex 
tuW*, 71 : succulent steins, 26, *193 
Euphorbium, 7*52 
Euphrasia, 209, 604 
Eurutium, 348, *349 
Evsjntm H'fiajae, 399 
Evening 1'rtmrose, Ucwtthrm 
Everlasting <‘aiVfoot, Anttnn'iriu 
Evolution, theory of. 1 
Ecoh} ira»«s*545, *546; vegetative cons *30 
Exin*, in mow*, 377 ; in jwlleu grams, 
423 

Esiutaci. 355 
Ex>uutcut, 355 
Erdutti/ftHw, *364 
Kxocarp. 149 
ftxodartms Hfi 
Exogwttom* shoots 21 
ExoKperes 339 
Exotropism, 257 

Extra floral attractive apparatus, 282 



BOTANY 




Exudation of filter^ 191 
EyebrfeH| Euphrasia 

Fagoideae, 49$ 

Fagopynm, 508 

Fagus, *498, 500 ; leaves, *117; wood, 
125 ; winter buds, *22 
False-flax, Camlina satim 
Fascicular cambium, 122 
Fats, 76 

Fennel, Foeniculum 
Fermentation, 220 

Fer^ientiil^ , 202, 215 ; in the protoplasm, 
56 

Ferns, Filim; leaves, 30, 142; shoots, 
40 ; vessels, 91 ; epidermal cells, 96 ; 
scale-hairs, 102 ; vascular bundles, 
108 ; green pigments, 197 ; phos- 
phorescence, 228 ; spennatozoids, 242 ; 
apogamy, 278 ; alternation of genera- 
tion, 391 ; fossil, 416 
Fertilisation, 86, 280 ; self and cross, 283 ; 
legitimate and illegitimate,' 286 ; of 
Gymnosperms, 88, 440; of Angio- 
speruis, *87, 88, 442 
Fenda , 559 
Festuca, *483 

Fibres *70, 127, 129, 131, 132 
Fibrous cells, 128, 129, 133 ; traclieids, 
128 

Fibro-vascular bundles, see Bundles 
Ficus, *504 ; root-supports, 46 ; cystolith, 
*66, 67, 68 ; epidermis, 104 ; tissues, 
130 ; stipulate!, 253 ; in (ficus, 46 ; 
canai , *504 ; ftengalensis, 505 
Field Madder, Shmmiia 
Fig, Ficus 

Figwort, Scroph idaria 
Filament, 426, *427 
Filim, 395, 416 
Filicinne, 394, 395 ; fossil, 416 
Fir, Norway, Ficon excelsis 
Scotch, Finns silmitris 
Silver, A hies 
Spruce, Ficen 

Fission-fungi, Schimnycetes 
•plants, Schmpkyta 
Flagella, 241 

Flagellar movements, see Cilia 
Flageflata, 301 
Flax, Lin urn 
Fleabane, Erigenm 
Floral leaves, 31, 86 
shoots, 27 

Flores, Amicae, 623 ; Ciime, 62 1 ; Chauto- 
millae, 624 ; Chamomiliae Homauae, 
624 ; Koso, 567 ; Lavandulae, 60,8 ; 
Malvae, 538 ; Khoeados, 529 ; Rosae, 
567 ; Satnbuci, 613 ; Spireae, 567 ; 
Tiliae, 585 ; Vevbasci, 605 
Ftoridme, 381 


Flower, *86, 425; arrangement of, 38, 
431, 484 ; of the Gymnosperms, 425, 
453, 464 ; of the Angiosperms, 425, 
465 ; symmetry, 433 
Flowering plants, Phanerogamia 
Fluctuating variations, 3, 153 
Fluorescence of the chlorophylls, 60 
Fluorine in plants, 170 
Fly Mushroom, Amanita 
Foeniculum, *555, 557, 559 ; ovary, *429 
Folds of epidermis, 97 
Folia, Aconiti, 518 ; Adianti, 401 ; 
Althaeae, 538 ; Aurantii, 543 ; Bella- 
donnae, 603 ; Coca, 540 ; Digitalis, 
605 ; Eucalypti, 581 ; Farfarae, 624 ; 
Jaborandi, 543 ; Juglandis, 502 ; 
Malvae, 538 ; Melissae, 608 ; Men- 
thae crispae, 608 ; Meuthae piperitae, 
608 ; Nicotiatiae, 603 ; Rosmarini, 
608 ; Rubi fruticosi, 667 ; Salviae, 
608 ; Sennae Alexandrinae, 572 ; 
Stramonii, 603 ; Taraxaci, 624 ; 
Theae, 531 ; Trifolii fibrini, 593 ; 
Uvae Ursi, 586 
Foliage leaves, 31 
Follicle, 449 
Fontiualis, 391 

Food, plant, constituents of, 170, 171 
Foot of Pteridophytes, 393 
Forget-me-not, My owl is 
Formula, floral, 434 
| Forsyth ia, 591 

| Fossil Cryptogams, 415 ; Gymnosperms, 
] 464 ; Angiosperms, 621 

; Foxglove, Digitalis 
| Fox -Grape, Vitis Labwsea 
! Fragaria , 565 ; runners, 25, 276 
; Fragmentation, 82 
Frangulinae , 545 
Frankincense, 544 
Fraxinus , *589, 591 
Free cell- formation, 86 
Frit ilia ria, 471 ; leaves, 38 
Frog’s-bit, liydrocharis 
Frost, effect on resting period, 238 
Frnctus Anisi, 559 ; Auisi stellati, 520 ; 
Aurantii imm&turi, 543 ; Cannabis, 
506 ; Capsid, 603 ; Cardamomi, 491 ; 
Cam, 559 ; Cassiae flstulae, 572 ; 
j Colocyuthidis, 617 : Coriandri, 559; 
> Foeniculi, 559 ; Juniperi, 464 ; Lauri, 
523 ; Myrtilli, 586 ; Papaveris im- 
maturi,528; Petroselini, 559; Rhamni 
Cathartieae, 547 ; Sennae, 572 ; Vauil- 
lae, 494 

Fruit, 448 ; torsions, 246, 261 ; (ferani- 
aceae, 291 ; definition of, 448 ; 
spurious, 451 

; Frullania , *384 ; water-sacs, 193 
! Fucacme, 329 
! Fuchsia, *578, 579 
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Fiicosau, 327 

Fuciis, *328, *329, *330, 831 
Fidigv, 30$ 

Funiciria, 527 
Fumaruiceae , 527 

*378, 391 : leaf, calls, *60: 
Chlorophyll grains, *60 
Fundamental tissue system, 110; increase 
2*>2 ^tokness due 1° divisions in, 

fungi, 338 ; tissues, 92 ; phytogeny, 144 ; 
food, 171 ; exudation, 192 ; phos- 
phorescence, 223 ; modes of repro- 
duction, 339; algal, 339, 341 : mould, 
344 

Fungus, of Ergot, C/ariaps purphrea 
animals, Mg^omi/eetes , . 
chirurgorum, 368 
Funiculus, 423 

Finikin , adventitious shoot, *278 ; egg- 
apparatus, *448 
Fusion, cell-, 88 


Hulanthns, 472 
Gulbamim, 559 
Hal&joidcae, 574 
Hale, ops is, *608 

UnliuHU* 11 ; stipules, 34 : heliotropic, 
( hillae, 500 

Galls, 153, 225 
Gametangia, 317 
Gametes, 86, 280 
Gametophyte, 391 
Hu retain, 531 
(harden t're&s, see Ocs> 

Orpine, Srdnm Teh phi ion 
Harden in, 611 
Garlic, Allium sal i mm 
Gaseous exchange, mechanism of. 2<>0 
Gases, movement of, in plants, 200 
(wastrnmi/cefes, 14 ’, 356 , 36 * 
tester. *368, 360 
(hist m i ion. 592 
Gemmae, 22 * 

Generations alternation of. 47 : of the 
Bryophvtes, 377 ; Pteridophytm, 391 
Genetic spiral. 40 
Henista, 198, 574 
Hnt liana, *592, 593 
Hen tianmrar. 592 
UeotropiMn, 254 
< reran iaeeae, 538 
Heranium, 538 
Germ, are Embryo 
-j>ore.s, 4*23 
Germander, Teuerivw 
German wheat, Tritaum S/telh* 
Germination, 47, 291, 451 
Hemeroirfeae, 604 
Higartinn. *832, 386 


1 Ginger, 491 
Wild, Jmnm 
, Hingko, *457 

, Wwkoaceat, 456 ; fossil 465 
l Hlatiioln,% 474 
J j Glands. *103 
I Glandular hairs, *101 
a j scale, *109 

, . colleter, *102, 103 

I Gleba, 368 
; | nfeehoma, 608 

■ Hletlitschw, 572 ; buds, 20 ; thorns, *27 
Globoids, *74 

Hloetwpm, *11. 47, 145, *309 
Glomerulus, 338 
Hltmniu, 604 
! Glucose, 77, 201, 202 
i Glumes, 484 
| Hi am iff oi n, 480 

Giutiimin, 201 ; in the protoplasm, 77 
Glycogen, 76 
! Hlycyrrh iza, *575, 577 
Hnaphalium . 623 

Hurt area e, 434 ; vessels, 127 ; flowers, 
438 ; fertilisation, 441 
f < it dilute, 464 

H net tun, *441. 464 ; thickening, 136 
Golden-rod. Sn/idago 
Htnujora, *493 
Gonidia, Lichens, 371 
j Ho no! aim* rant/ urn ngo, 596 
! Gooseberry, Mix' a Hrossirfaritt 
( ioosefoot, (Vit’ntymrf* m,< 
iuts.il/pitttn, 536, *537, 538 ; eed-hidr*, 
*100 

Hraerfaeia, 336 
Grafting, *228, 229 

Hruminntr , 482 *, growth, 21 ; silent h, *33, 
34 ; silica, 70, 174 ; epidermis, 96 ; 
root, 150; growth, 281; genninu- 
tion, 292 ; attacked by fungi, 858, 
*361, 362 

H rapids, 373 

Grass, Arrow-, Ttightehin 
K llOt • . / Mill 
Scurvy-, Voeirfearui ufReinaUs 
Viper *, Setrrwnem A isjtaniea 
Whitlow-, brnlst 
-Wrack. Zortera 

Grosses, see Hratnmeoe 
H rat it da, *603, 604 
Gravity, efli*ct of, on plants, 159. 254 
Green Alga* (see Vhl tmiph tjeear) 

Grow well, J.Hhuytermnm 
Ground-ivy. Hltrhmna, 

Groundsel, Sen erit, 

Growing point, 146 

Growth, 228 mfq, ; period* of, 282 ; of 
call- wall, 68, 64 ; by mtu**uw«ptJou, 
64, 230 ; imteixuidettt, 157 ; external 
influences on, 238 ; curvature*. 247 
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Guava, Psidtim 
Guelder-rose, Viburnum 
Uuiacum, 544 

Gum, 69 ; in intercellular*, 93 ; arabic, 
i ‘ 94, 571 ; resins, 126, 206 ; traga- 
cantb, 577 
Gumraosis, 69 
(hinnera* 114, 310 
Gutta-percha, 77, 206, 586 
(lymnadenia, 493 
GymnoclMiis, accessory shoots, 20 
Gymnodinium, 314 
Gyranogramme, 96 

Gymnvspe.rmae, 453 ; bundles, 100, 109, 
119, 122 

i Jymnostomum , 238 
Gynaitdrae, 491 
Gynmcium, *427, *428, *429 
Gynostemium, 491 

Habit of plants, 28 
Hadromal, 68 

Hadroine, see Tracheal portion 

Hanimtoxylin, 126 

Jlaenmto, nylon, 126, 572 

Haemoglobin, 61 

Hayenia , 565, *566, 567 

Hair-bell, Campanula 

Hairs, see Tvichomes 

Hal ivrnla, 325 

Ifaloratjidaceae , 580 

11 muzmel idaceae , 561 

Haploeaulesoent, see. Uniaxial 

Haplostemonous flowers, 132 

Hart’s-Tongne Fern, ScnJopendriinn 

Harvey el la, 336 

Haas tori a, 40, *208 

Hawkbit, iMmtodou 

Hawk’s- beard, Vrepia 

Hawk weed, Hieracium 

Hazel-nut, Cory Ins 

Heart's-ease, Viola 

Heart wood, 125 

Heat produced by respiration. 220 
Heath, Erica 
Hedem Helix , *574 
Hedge- H yasop, Gimt Ma 
- M ustar< l, Sisymbrium 
-Nettle, ikachys 
lledymroulme, 574 

Hetlymrom, 574 ; movement of leaves, 
'268 

Helianthme, 623 
, Uelianthrmum, *529 

166, 623 *, (vberosus, 24 
. Mel kluy stun, 619, 628 
Helicoid Cyme, see Bostryx 
Heliotactic movements, 241 
Heliotropism, 250 


Hdiotropium, 598 

Hellebore, Black (Christmas Rose), l telle- 
bonis niger 

Green, HeMelxrrus virklis 
Helleborus, *35, *514, 516, 517, 518; 

stoma, *188 
Jlelobiae , 487 
Helvetia, 351 
Helvellacene, 851 
Hemerocallut fnlva, *422 
Hemlock, Gonivm 

Poison-, Coniuvh maeulatnm 
Water-, Qicuta virosa 
Hemp, Cannabis 
-nettle, Galeopsis 

Ilepalicae , 310, 376, 379 ; form, 14 ; 

phylogeny, 144 
Jl crack urn, 556, 557 

Herba Absinthii, 623 : Cannabis, 506 ; 
Capillus Veneris, 401 ; Cardui Bene- 
dicts 624 ; Centaurii, 593 ; Cheno- 
podii, 511 ; Coclileariae, 526 ; Couii, 
559 ; Oonvaliarieue, 472 ; Galeopsidis, 
608 ; Hernarieae, 513 ; Hyoscyami, 
603 ; Lobeliae, 615 ; Majoranae, 608 ; 
Meliloti, 577 ; Millefolii, 624 ; Origani, 
608 ; Uutae, 543 ; Sabinae, 464 : 
Serpylli, 608 ; Spilanthis, 624 ; 
Tliymi, 608 ; Violae tricoloris. 530 
j Herb Paris, Paris quadri/olia 
I Hercogarny, 286 
Hermaphrodite, 283, 426 
Hern lari a, 512 
Hesperidin, 78 
Heterobnsidion, 366 
Heterocysts, % 3 10 
Heteroecious l 'redin ear, 362 
Heteromeroiis thalli, 371 
lleterophylly, 34 
lleterosporous Pteridophyta , 391 
Heterostyly, 286 
Herea, 550 
Hibbertia, 260 
Hibisceae^ 536 
i 1 firm Hum, 623 
j Hildebrand tin*, 381 
! Hippomtine , 552 
j Jlippophae, 548 

Hippo ns, 236, 580 ; vegetative point 
*148 

lEtfeua, 485 
i Holly, Hex 

j Hollyhock, Althaea rosea 
• Homoiomerous thalli, 371 
j Homosporons Pteridoph yta, 394 
Honesty, Lunaria 
Honey dew, Ctavicep# purpurea 
Honey -locust, Gleditschia 
Honeysuckle, Ismicera 
Bush, Weigel ia 
Hop, Homuloj* 
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ffordeum, *485, 480 ; roots, *150 
Hormogonia, 310 
Hornbeam, Carpinus 
Horn-nut. Trapa 
Homwort, Ceratopkylhm 
Horse-chestnut, Aesculus 
-radish, Cochlearia Amumtcia 
•tails, Equisitutdc 
Husta , see Funkia 
Hou8eleek, Semperrirum lector urn 
Humming-birds, fertilisation by, 283 
Humufns, 505, *506: glandular scales, 
*102, 103 


| Imbibition, 176, 247 
j Imbricated leaves, 37 
Input tens, 540; colkochyma, *00; e pi- 
dermis, *97; vessels, 104, *H0; 
I ’ stems, 185 * 

i ucised leaves, 32 
Independent locomotion, 240 
India-rubber plant. Ficus cimtica 
Indiean. 205 
I ludigo. 575 
) Indtyfau, 20", 575 
; Indirect nuclear division, 78 
Individual variations, 163 
Indoxyl, 205 
ludusiuiu, 397 
Jnfloi esceuee, *434-*43S 
Infructeseenee, 435 


Humus acids. 181 
Hum crepitans. 290, 549 
Hyacinthus , 470 
Hyaloplasm, 57 
Hybridisation, 287 
Hydatliodes, 102 
Hydnctte, 365 
Hydnum, *365 
Hydra , 213, 317 
Hydrauym, 561 
Hydrastis , *516 
Hydrorhurir , 236, 48S 
Hydroch a ri to rate, 4 8 8 

Hydrocvtylr. 567 
Hydrocyanic acid, 206 
Hydrogen, 170, 17 1 
Jlydro/upaf/niM, M3, 322 ; form, *13 
Hydrophilous plants. 2S2 
HydrophyUormc, 5 98 
Hydroptcridou , 40l ; fossil, 41 6 
Hydrotropism, 261, 280 
Hygroscopic eurvatuios. *216. 291 
Hylacomanu, 391 
Hyinenium, 347 
Hym rnvyast raw, 3 69 
Hy meant iclwms, 3 7 5 
llynw/uunya ft v, 144, 356, 357. 363 
H ymrunph yt in rear, 398 
Hyosryam us. *447 *601, 602, 603 
Hyjvc'tHfM, 527 
Jly{H riem aw, 530 
Hypericum, *531 » 

Hypha*, 339 ; umltimnlcar, *59 
llyphmnycetc*. 338 ; fossil, lit'* 
Hi/puaih. *391 
Hypocotyl, *48. *49, 292 
Hypoderma, 113 
Hyjjogeal, 292 
Hyi*ogynous flower-, 430 
Hyi>ouasty, 248 
Hypophysis, 445, *446 
Hyntemphyta, 581 

J fieri*, 526 

Iceland Mosa, Crtraria 
Idioblasts, 71, 111 
Jfex, 546 

llliciHuu 520 : ethereal oil. 76 


Infusoria, 317 
Initial lay* i. 122 

Insectivorous plant*, 206, 211, 217 
Insects, h rtilisation by, 282 
Integuments, 428 
Intercalary growth, 21 
lutercellulars. 92 : air space, 92, 111, 221 : 
lysigenic, 93 : accretion, 93 medul- 
lary rays, 135 ; passages. 221 
Interfascicular cambium, 122 
Internal development ol organs, 236 
Internodes. 21 
Intine, 423 

Intramolecular respiration, 218; in fer 
mentation, 220 
Introrse anthers, 426 
lutn.xsUM eption. growth t y, tel. 230 
Imiiit. 621. 628, 624 
luulin, 77 

Inverfiu, 202 : in the protoplasm. 56 

Iodine in plant s. 1 70. 831 

Ipaaruuoha. 227 

Jpiauom, 597 ; lice coils, *258 

Jriartra, root thorn*, 46 

Iralamw, 468, 472 : diagram, 38. *39, 4*2 

Iridescence, 223 

: his. *473, 471. 475 : root. *116 
Imn in plants, 170, 171 
Irritability, I ; movements of, s»r Turgor, 
changes of 
J satis, 526 
/ Hint actor, 4 1 4 

htttirs, 391, 409, 11 1, *115: desiccation. 
177 

I so gamy. 316 

i JMtoiiK, 614 
j Jasminvm, 591 
j Jaiatrrhiza. *519, 520 
. Jessamine, Jasmin urn 
' Jewel-weed, Imputknn 
i J wWWar, Jurkularw 
[ Judo#4ree, Orris 
Joyiamiaraw, 500 
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Jmcagimmm, 488 
Juneus, *468 
Jungermanniaeeae, 383 
Jmiperus, *460, 461 ; leave*, 50 

Kale, Crambe 
Kamala, 552 
Karyokinesis, *78 et seq, 

Kelp, 331 
Kerria, 567 
Kinoplasto; 58, 84 
Kleinia articulata , 193 
KUnostat, 262 
Kmutia, 618 
Knawel, Scleranthus 
Knot-Grass, Polygonum 
Kohl»rabi bead*, 868 
Kola nuts, 536 
Krameria, *570, 572 

Labellum, 490, 491 
Labiatae, 607 ; node*, 21 
Labiati florae, 606 
Laboulbeniaceae, 347 
Laburnum, Cytisus 
Lacknea , apothecium, *350 
Lactarius , 367 

Laetuca, *623, 624 ; sap, 90 j Srarinla, 253 
Lactuoarium, 624 
Lamina, 31 

Laminaria, 144, *326, 331 
Lamnariaceae , 326 
Lamhm, *606, 608 
Lappa, *618, 622 
Larch, Larir 
Larix, 462 

Larkspur, Delphinium 
Lateral geotropism, 257 
roots, 44 
Latex cells, 71 

Lai Invert, albumen crystals, 75 
Lathyms, 574 ; leaf-tendrils, 41, *42 
Laudato*, 375 
Laumceae, 520, 625 
Laurel, Lauras 

Lauras, 521, *522, 523 ; ethereal oil, 76 

Jjammiula , 60S 

Istvatera, 536 

lavender, Lavandula 

Lead in plants, 170 

Leaf, development, *19, 29, *30 ; -base, 
34 ; -cushiou (see Pulvinus) ; second- 
ary growth, 168 ; -scars, 36 ; tendrils, j 
41 ; tissue, 116 ; floral, 116 ; foliage, j 
116 \ traces, 118 

Leaves, arrangement, 37 ; falling, 141 : 

transpiration, 168 
Ledum, 684 
Legume, 449 


Legiminosae, fcf; leaf-cushion, 32 ; wood, 
130 ; symbiosis with bacteria, 210 ; 
movements of, 269 ; fossil, 625 
f^manea, 331 

Lemna, 310, 480 ; roots, 43 ; movement, 
*244 

Lemnaceae , 479 
Lemon, Citrus Limonum 
Lenticels, *141, 221 
Leocarpus , *303 
Leonlodon, 623 ; flower, *267 
Lepidium, 526 
Lepidodeadreae, 416 
Lepidostrobm , 417 
Leptome (see Sieve-tube portion) 

Leptomin, 77 

Leptosporangiate Ferns, 399 
Leptothrix, *11, 307 
Lessnuia, 326 
Lettuce, Laetuca 
Lencadendron, 193 
Jxucnbryum, 386 
Leu cojaw, 472, *473 
Leucoaostoc, *306, 307 
Leucoplasts, 60, 62, *73 
Levisticum, 557, 559 

Lianes, vessels, 92, 130 ; medullary rays, 
135 ; thickening, 136, *137 
Libriforin fibres, 129 
Lichen islandicus, *373, 375 
Lichenes, 370 ; fossil, 416 
Lie amphora JtaM lata, *31 1 
Licorice, 577 

Life, duration of, 236, 238 
Light, influence on growth, 161, 196, 197, 
198, 199, 234, 267; heliotropism, 250 
Lignified cell-walls, 68 
Lignum Guiaci, 544 ; Haematoxyli, 572 ; 
Juniperi, 464 : Quassiae, 544 ; Santali 
j vubruin, 578 ; Sassafras, 523 

I Ligule, *33, 482 ; Sehvjinellu, 411 ; of 
! 1 socles, 414 

! J Ay ult florae, 623 
; Liyustruw, 591 
I Lilac, Syrinya 

i Liliaceae, 469 ; adventitious buds, 20 ; 
j diagram, *38 ; raphides, 75 

j Lilii florae, 467 
; LUmdeae, , 470 
| Lit i am, 481, 470 
j Lily of the Valley, Ctmmllariu 
Lime scales on Saxifrages, 192 
Lime-tree, Titia 
Linaceae, 540 

Li Harm, 604 : Cymbtdaria, 253 ; germina- 
tion, 291 
Linden, Titia 
Linen, 540 
Limn, 58 
Linnaea , 612 
Liaum, 286, *539, 540 
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Liquidambar, 561 
Liriodendrqn, 520 
Lithium in plants, 170 
Lithospermum, 598 
Litmus, 373 

Live-for-ever, Sedum Tdephiurn ' i 
Liverworts, Hepaticae 
Loasaceae , stiugiug-hairs, 101 
Lobed leaves, 32 
Lobelia, 615 

Lobdiaceae , 615 ; torsion, 257 
Loculicidal dehiscence, 449 
Locust, liobinia 
Lodicules, 484 
Lodoicea , 163 
Loganiaceae , 591 
Logwood, Haevmto.n/lo.i 
Lolium , 485, *487 

Lonicera , 612. 613 ; accessory shoots, 20 
leaf, 32 

Lonicereae , 612 
Loosestri fe, Lysim arii in 
Spiked, Ly thrum 
Lophosperm inn, *266 
Lorant fifteen e, 209, 582 
Loranthus , 582 
Lotoideae , 574 
Lotus , *573, 574 
Sacred, Xt/tanbiuin 
Louse wort, Pedicvla ris 
Lovage, Leristinnn 
Lunnria, 526 
Lungwort, Pidmonaria 
Lupinus , 574 
Lupulin. 103, 205 
Lupuliimtii, 506 
Luzula , 469 

Lychnis , 512 ; I A'srarin, 97 
Lycopeninn , 290, *368, 369 
Lyeopersieuin , 601 

Lyrojxulinreut . 391, 409; branching, 19; 
roots, 44 : buudles, 108 ; vegetative 
cone, 148 ; ftps'll, 416 j 

Lyeopodinae, 148, 394, 408 
Lycopotlium, *19, 408, 409***410. *411 ; 

gamostcle, 1 1 4, *1 1 5; prothallium, 409 
Lysigenic intercellular*. 93 
Lysimachia, 5S6 
Lythra rests . , 580 
Lythrnm , 580 

Mace, 520 
Madura, 126 
Macrocyst is, 326, *327 
Macrosporangia, 394, 401 
Macrospores, 394 ; of Salrhtia, 403 ; of 
Sdagindla, *412. *413. 

Madder, Field, Sherardin 
Magnesium in plants 170, 171, 201 } 

Magnolia, 520 ! 

Maize, JBT*i 


j Afitjanthemum, 471 
i Majorar.i, Origanum 
j Malacopuilous plants 288 
Malformations, 152 
1 Malic acid, 78, 205 
! Malfotm, *551, 552 
i Mallow, High, Malm tffresfris 
j .Marsh, Althaea ojficinafi* 

Hose, Ifihisms 
j Maltose, 202 
j Maltum, 487 
Malm, 253, *536, *53£ 
j Mahveeae, 536 S^e 00 **** 

I Malvern, 69, 538 
i Mam Maria, 532 
j Aland rat font, 601 
Mandrake. Pttdophyflnm 
Mangttne*-e in plants 170 
Mangostci ti. > •’amnio 
Mrugrove, roots 46 ; transpiration, 193; 

sei drugs, 291 
Mn.nihvl ntifissima . 550 
i Manioc. Alan Hud 
Manna, 591 
i Mamiitc. 331 

j Manubrium of the Chanteeae, *337 
Maple. Jr 
Maranta , 489 
Ala runt a eras, 489 
Alandtiaems, 399 : fossil, 116 
1 Alaeeha utia, *376, *377. 380, *381, *382, 
3 y 3 ; internal structure, *111 
M a reha ntiaeme, 880 
M arc’s J ail, l/ippnri* 

Malign! 4. < \tfend ufa 

Marsh Marigold, * aft ha fta/u *tn* 

Morsdin. 225, *401, 402. 105; move- 
ments 268 

MnrsHiaerne, 102. 405 
MhssuIh of A ‘.of fa, 101 
Mnstiche, 544 

Mat rime ia, *618, 621, 623, 624 
Matthiofu. 526 

Maximum temjierat ure, 162, 234 
M ••iwlow -rue, That i>f rum 
•saffron, f Hfehirum 

Mechanical cell*, 7o ; tissue, 167, *168 ; 

influence, 236, 263 
Mn/ienyn, 291. 292, 574 
Medick, Medina ftt 
Millar, M**/nfux 
Medulla. Ill, 112 

Medullar} rays 112, 122. *124, 133 
Medullary sheath, 124 
M dampy rum, 604 ; saprophytic, 209 
Mdn rtdryu >«, * 51 1 

Mela nth tridear, 470 

Melism, *607, 608 
Melon, Water, Pit rail as 
Mu A, Cum m in Mefo 
M d<wra. 313 
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M.»mb^^gpUopU«inie , 176 ; cell-wall, 

Mentha, *606, 608 
Menyanthee, 598 

Mereurialk , 550, *551, 552 ; epidermis, 
*87 

Mercury in plants, 170 
Mer intern, 85, 122 
Meridian, 867 
Mesem.br yantheMum , 193 
Mesophyll, 116 

Meatdme^wc Bundles, primary vascular) 
Metal jolism, 168, 205 
Metamorphosis, 10 ; of the primitive 
forms, 15 ; of the shoot, 23, 25 ; of 
the leaf, 31 ; through external influ- 
ences, 154 
Metaphases, 82 
Metaplasia, 57 
Metzgma, 383 ; cells, *147 
Micrasterm , *815 

MicrorttccuH , *11, 304, 308 ; combustion, 
211 

Microcyst, 302 
Micropyle, 423 
Microsomes, 57 
Microsporangia, 394, 4Ul 
M icros|w>re«, 394 ; of Halrinia, ^ 40-1 ; of 
Selaginr/la, *412, *113 
Middle lamella, *65. 68, 94 
Midrib, 33 

Midsummer growth, 125 

Mignonette, Reseda mlorata 

Mildew' fungi. Erysipheae 

Milfoil, Achillea 

Milkwort, Poly gal a 

Millet, Indian, Andropmjon 

Mimosa, 569 ; leaf, 33 ; movements, 270 

Mimosa rear, 569 

Mineral substances, 178 

Minimum temperature. 162, 231 

Mint, Mentha 

Misletoe, Vinca m album 

Mitotic division, 78 

Mnium, *,‘188, 389, *390, 391 ; stem, 
*145 

Mona ad roe, 493 
Mouey wort, Lysmachia 
Monoblrph arid i near, 34 2 
Momblepharis, *341, 842 
Monoehnsium, 436 

Monocotyfedanen, 460 ; venation, 33 ; 
bundles, 106, 112; thickening, 138; 
fossil, 624 

Monoecious plants, 284 ; flowers, 425 
Mouogeoetio reproduction. 274 
Monopodial system, 17 ; inflorescence, 
435 

Monopodium, 18 

Monosymmetrical plants, 16, 433 


iMonotropa , 586 
Monotropeae , saprophytic, 209 
Monstera , 479 ; leaf, 83 
Monstrosities, 153 
Moonwort, Botrychium 
Muraceae , 504 
Morchella , *347, *351 
Morel luugus, Morchella 
Morin, 126 
Morph in, 205 

Morphology, external, 10 ; internal, 51 
Monte, 505 
Mosses, Musci 
Bog-, Sphagnaceae 

Moss-plants, 384 ; capsule, 386 ; stem, 
385 

Movement, power of, 157 ; of protoplasm, 
57 ; phenomena of, 239 sqq. 
Mucilage-duets of Cycadinae, 454 
Mucilaginous matter, 76 
sheath, 291 

Mucor, *344, *345, 346 
M aeoriaeur , 34 4 
Muaina, wood, 136, *137 
Mulberry, Morns 
Mullein, Verbascum 

Multicellular formation, *85; hairs, 101 
Multiplication, 273, 279 
Musa , 489 ; leaf, 33 ; seedless, 226 
Musa rear , 489 
Mascari, 470 
j Muscarin, 205 

j Musci, 876, 384 ; ceils. 147 ; vegetative 
j period, *237 
Mu sc in me, 376 
j Mushroom, Agaricineae 
j Musk-melon, Cucumis Mef>> 

: Mustard, 526 
| (plant), Hina pis 

Black, lirassiea nigra 
, Treacle, Erysim mu 

i White, Hina pis alba 

j Mutations, 3, 153, 275 
Mutilation of plants. 225 
Mutisime , 621 
Mycelium, 339 
Mycetoum, 301 
Myeorrhiza, 209 
Mymitis, 40, 598 
Myrica, 503 ; wax, 96 
Myrkaceae, 60S 
My rim ria, 581 
Myriophyltum, 580 
Myriniim, *518, 520 ; fat, 76 
Myrisficaceae, 520 
Myrmtcodia, 213 
Mynuecophytes, 213 
Myronic acid, 205 
Myrosin, 71 
M yet n ylon, 577, 578 
Myrrh, 543 
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MyrsiphyUum , *269, 260 
Myrtaceoe , 580 
Myrtijiorae , 578 
Myrtle, Myrtus 
Myrtus , 581 
Myxamoeba, *54, 301 
Myxomycetes , 301 ; plasmodia. 53, *54, 
55 ; fossil, 416 

Najadaceae, 489 
Najas, 489 

Napobrassica , see Jirassica 
Narcissus *423, 472 
Nasturtium , 191, 526 
Natural selection, theory of, 2 
Navi aula, *312 
Neckera , 391 
Nectary, 103, 431 
Negative geotropism, 255 
Nelumbium , 523 

Neottur, 227, 494 ; saprophytic, 209 
Nepenthe*, *41 ; trap, *215 
Nepeia , 608 

Nerintn , *593, 594 ; stomata, 99 

Nervature of leaves, ,v<v Venation 

Netted veined leaves, 33 

Nettle, Vrtiea 

New formations, 225 

Nickel in plants, 170 

Nicotians *428, *599, *600, oOJ, 602, 603 

Nicotiu, 205 

Niff cl la , 517 

Nightshade, Solatium najnun. 

Deadly, J /" /*<>/*/ Deflation na. 

Nitcfta . , 337 : protoplasm, 53, 245 : tm * 
gidity, *165 

Nitrifying bacteria, 197, *309 
Nitrogen in plants, 170. 171, 21<* 

Nodes, 21 
Notonareae, 59* 

Normal shoots, 20 

*310 ; sy in hint ie, 213. 383 
Notorh izea.e, 525 
Nourishment, Nutrition 
Nucellus, *278, 123 
Nuclear cavity, 59 ; division, 78 
Nuclein, 201 
Nucleoli, 58, 8o 
Nucleus, *51 
Nu p! tar t 523 
Nut, structure of. 450 
Nutations, see Autonomic movement- 
Nutmeg. 520 

Nutrition, 159, 169 ; social prot est s, 206 
Nyctaginaeeae , thickening. 136 
Nyctitropic movements, 268 
Nymphaeu, 236, *522, 523 
Nymphaeaeeac, 523 ; idioblasta, 1 1 1 

Oak, Quercas 
Oats, Arena 


01>d * plostemonous andnoecia, 482 
Oclirea, 35 

Otirntm bt*iliam t 608 
, (Ecology, 153 
, Oedofftmium, 320, *321 
I OecWM 556, 559 
Oenothera, *578, 579 
< Odium. 348 

Oil, ethereal, 76 : seel. Unmet* net mtOsn 

-ducts, 93 

(Mea, *589, *590, 591 
Olmeme, 589 

Oleauder, Nerintn oleander 
Oleum An si, 559; Amygd alarum, 567; 
Aurautii riorum, 543 ; Bergamot Uc, 
543; ( 'acao, 538; Padbmm, 464 . 
„ ('ajujuiti, 581; Calami, 479; *,'arvi, 
559 ; Cnryophyilorum, 581 . Chamo* 
iniliae, 624 ; Citt„ 543 ; < rotonis, 
552 ; Koeniculi, 559 ; .lunipert, 461 ; 
Lavaml dae, 60S ; l.iui, 540 ; Macidis, 
520 ; Menthae, 608 ; Nuciatae, 520 ; 
Olivant m, 591 ; Papavcria, 529 ; Pint 
punulionis, 46 1 ; Kieiui, 552; Itowm. 
567 ; Uostnariui, 60S ; Kuni. 500 ; 
Sautnli, 582 ; SinnpK 526 ; Terebiu- 
tli iu at*. 164 ; Thvmi, 608 ; Yalenatuu*. 
614 

OU\i\ Oita 
f htOffrarrne, 579 
Onion, Allium i'efta 
Utwbrveki*. 292, 574 
0 . 7 . *«»>, 574, 577 
Outogeuy, 2 ; of the cell, 7 H 
Oogamy, 300, 316, 320 
Oogoniu, 321 
thu/iyretm, 3 1 1 
Oospheres, 300 
Oospore, 300 

f fphit*/h>Hxnt'*'ti*\ 316* 

ifphiyx, 493 
Opium, 529 

Optimum temperature, 1*12. 234 
Upmtlta, 532, 533 : twig. *26 
opantinm\ 532 
Oraehc, AtnjJrr 
Orange, t'iteu* 

root, Uydt'tmtiH ran ad rusts 
thrhidaeMf, 491 ; root*, 45; tutors *45, 
193 ; siliceous Isslies, 76 ; mucila- 
ginous matter, 76 ; id io blast*. 71 ; 
velatnen. 104 
Orchil. 373 

tnrkie. *491, *492, *493. *494 
Organic acid*, 7* 

Org ms, development of, 224, 236 
Orientation, movements of protoplasm, 
243. 244 . toraion, 257 

; OnaanuHt, 60 8 

j Out itfaufttlum, *469, 470 ; cells, *6^, 69 

j Ornithophilous piano, 2*3 

X 
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^robanchet 04; hatwtoria, 209 
Orris-ftotp Iris 
Orseille, see Orchil 
Orthogonal trajectories, 149 
Orthqploceac, 525 
Orthospermeae, 557 
Orthostichies, 89, 40 
Orthotropic, 249 
Oryza, # 486, 487 ; starch, 72, 73 
Oscilltma, # 309, 310 ; movement, 242 
Osraotaxis, 242 
Osmotic forces, 186 
OsmuitvA* *398 
Ostrich Fern, StruthiopterU 
Ovary, 427, *428, *429 
Ovules, 423, 429 
Oxalate of potassium, 201 ; calcium, 75, 
201 

Oxalic acid, 201 
Oxalidaoeae , 540 ; roots, 193 
Oxalis, 540 ; acids, 78 ; movements 268 
Oxygen in plants, 170, 171, 198, 236 

P amnia, *426, 517 ; flowers, 36 ; amy- 
loid, 69 

Palaqui um, *585, 586 
Palm , 395 

Palisade parenchyma, *66 ; cells, 117 
Pa! mm, 476 ; leaves, 33 ; root-thorns, 46 ; 
siliceous bodies, 76 ; endosperm, 69 ; 
wax, 96 ; thickening, 138 ; stability, 
163 ; fossil, 625 
Palmate leaves, 32, 33 
Palm wine, 184 

Panda nun, leaf, 38 ; adventitious roots, 
46 ; seed, 292 
Pan y turn, 205 
Pauiole, 436, *437 
Pansy, Viola 

Papaivr, *528, 529 ; uniaxial, *28 ; leaf. 
31 ; bundles, 119 

Papa cerucme, 528 ; latex vessels, 90 

Papaw, Varied Papaya 

Papilionacem, 572 ; leaf tendrils, 41 ; 

wood, 136 
'PapilUe, *100 
Pappus, 620 ; hairs, 247 
Papyrus, 482 
Parallel veined leaves, 83 
Para-nuts, BcrthoUetia 
Paraphyses of Fueus, 329 ; PyrenviuyceUs, 
851 ; Discomycrlcs, 349 ; llymeno • 
mycetes, 363 

Parasites, 206 ; reduction of leaves, 26 ; 

roots, 46 ; influence on formation, 153 
Parastichies, 40 

Paratonic movements, 248, 268 
Parenchyma, 94 
Paris quad r (folia, *470, 471 
1‘arnassia, 561 
Paronychwidme, 512 


Parsley, Petrosdinum 
Beaked, Anthriscus 
Bur, Cancalis 
Fool’s, A ethma 
Hedge, Torilis 
Parsnips, Pastinaca. 

Cow, Heracleum 
Water, Siam 

Parthenogenesis, 88, 278, 338, 342 
Partite leaves, 32 
Passijtora, *532 
Pastinaca, 557 
Paullinia, 136 
Pauhmnia, 604 
Pea, cotyledon, *447 
Peach, Pr units persica 
Pear, JHrus comm unis 
Pectose, 68 
Pedate leaves, 33 
Pcdiasfrvm, *318 
Pedicular is, 604 ; haustoria, 209 
Pei reski a, 532 
j Pelargonium , *538, 540 
| Pell in, 383 
j Peloria, 434 
Penicillin m , *349 
! Pennywort, Water, llydrocotyle 
i Pentaeyclie flowers, *431 
Pepper, Black, Piper nigrum, 508 
! Peppermint, Mentha piperita 
1 Peppcrwort, Lepidium 
| Pepsine in the protoplasm, 56 
Peptonising ferments, 71, 202, 206 
I Perennial plants, 29 
j Perfoliate leaves, 31 
Perianth, 425, *426 
Periaxial wood, 138 
Periblem, 149 
Peri cambium, see Perieyele 
Pericarp, 449 
Perichaetium, 386 
Periclinal walls, 148 
Perieyele, 112 
Periderm, 138 
Peridertniuin , 363 
Pe rid i near., 318 
Peridiniu ny* 313 

Peridimn of 4 tlie XJfqlineae, 360 ; (* astern- 
i mycet.es, '368 ; Mycromycefes, 302 
j Perigone, 426 
Perigynous flowers, 430 
Perinium, *405 

Periodicity of development, 236 
Periods of growth, syml>ols for, 29 
Periplasm. 393 
Perisperm, 448 
Perisporiacme, 347 
Perisprrieae, 848 
| Peristome, 889 
| Perithecium, 348 
Periwinkle, Vinca minor 
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Permeability, 164, 176 
Pernambuco wood, Caesalpinm 
Peronospora , 3^3 
Peronosporeae, 342 
Permnctfae , 598 
Peruvian wax-palm, Ceroxi/lon 
Petals, 36 
Peta sites, 623 
Petiole, 31 
Petites especes, 275 
Petroseliumn , 557, 558, 559 
.Pezizct, 349, *350 
Phue4>phycene i 325 
Phaeosporeae , 327 
Phajns , starch, *73 
Phulloideae , 369 
Phallus , *369 

Phuiicrugamia, 421 ; alternation of genera 
lions in, 424 ; fertilisation, *87 
sexual generation, 439 
Pharhitis , *259, 260 
Phuscaceae , 388 
/ Vi aseoloideae, 574 

Phased us, 574 ; coils, 260 : stan *72 
Phegopteris . spermatozoa!, *87 
Phelloderm, 140, *14] 

Phel logon, 139, *140, *141 
Philadelph us, 561 
Phleam prate use, 485 
Phloem, see Sieve-tubo portion ; secondary, 
131 

Phloeoterma, 112 
Phloroglucin, 68 
Phlox , 597 
Phoenix, 477 
Phormimn , *168 
Phosphorescence, 222 
Phosphorus in plants, 56, 17“. 171, 172. 
200 

Photometry, 253 
Phototactic, Heliotart ie 

Phycocyanin, 61, 316 
Fhycoery thrill, 61, 332 
Phf/coniyc/'fes, 339, 311 
Phycophreiu, 61, 327 % 

Phylloclades, 25, *26 
Phyl lodes, 43, *49, 193, 25:i 
Phylogenv, 2 
Physolis, *451, 601 
Physical attributes, 158, 167 
Physiology, 5, 157 
Physodes, 57 
Physostignw, 574, 577 
Physo.stigininum, 578 
Phytelephas , *89, 204, 478 : emiosjHom, 
69 

Phyleuma , 614 
Phytolacca , bundles, 119 
Phytophthora, *342 
Phytoteratology, 152 
Pbytotomy, 10 


! Mw, *141, *445, 48!, 462. 463 
; Picroeua, 544 
j Pymn Berry, Phytolacca 
Pigweed, Vhsnoj Hxtium 
! Pileus, 365, 367 
PiidsUus, 345 ; heiiotropie, 251 
! Pik»carpin, 205 
Pi hunt, pus, *541, 543 
Pilostyles, -»09 
; Pit "inria, *101, 402, 4t#5 
Pimpernel, 

Pi topi net fa, *555, .*56. 557. 559 
Putaceae, 459 
Pine, Pious 

Pine -apple, Jirnutfho'eac 
; Pi .tffujndo, 606; trap, 215 
Pink, 1 limit has 
• i Pinnate leave,,, 32, 33 
; ! Punudorio, U 

Pinas. *460. ,(51. 462. 464 ; «»**d, *65, 

124. *127. *128 *129, *130: sieve- 
tubes, *65 : attacked by Net* rat'd * id at, 
366 

Piprr, *507, 508 ; ethereal «»tl, 76 ; 

bundles, 119 
Pi/ft caret tr, 507 
Pipe- Vine, . I ustdiMjna sipfm 
Ptnu*, *4410, *562, *563, 564, 565 ; jferi- 
derm. M JO 
Pintado, 5 1 1 
Pistil. 128 

Ptsom, 574, 575 : leal-tendrils "12 
Pith, Medulla 
Pits 64 

Pitted \esM*ls. 91 

Pi.\ litjuida, 161 

Placenta, 429 

Phieeiitatmn, * 128, 429 

Platfhx hda. 3M ; form. ’ 14, 15 

Plagiofropn*, 219 

Plankton, 313 

Phliunjaturtex, 3 1 6 
f‘ta lltritfi ai/Mic, 606 

Plantuyu, *605, 606: tnaxial. 28 : bundles, 
104 : pmtngyny. *285 
Plantain, Pfuatuga 
Plantain, Water, A fin, no 
Plasmodium, *51, 301 ; absorption, 175; 

movement, 210 
Plasmolyais, 165 
Pla-mojuna, 313 
Plata uacrar, 561, 625 
' Plata athtrn, 493 
Plata a an, .561 
pfati/ccriuau 227 
: Pleiodtasitint. 438 
PIer**ine t 148 
J l*lt nr<n rkX\tac. 525 

Plcnrorigma, 313 
] Plum, /*f»ans 

/ V n iftln/yfia arctic, 588 
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Flunmte, iw" * 

&oa,W, 4$5 
Pod, see Legume 
Po&etium, 373 
Ppdophyllinum, 520 
Podophyllum, *519, 520 
Podospora, 35 2 
Podostenuweae, 28, 45. 47 
Poke weed, Phytolacca 
Polarity, 223 
Polemoniacme, 597 
Pulemotiiuw, 597 

Pollen -grfkttls, -sac 8, -cells, 421, *422, *426; 
-tubes, * 87 , 432, 433, 440 ; chambers, I 
440 1 

Pollination, 281 

Pollinium (Pollinarium), *492, 594, *595 
Polyarch, 116 
Polycarpicae, 513 
Polifcarjnm, 284 
Polyembryony, 278, 446 
Poly gala, Polyyoluceae , 540, 541 
Polygonamte , 508 ; stipules, 35 
Polyyonatnm, 471 ; rhizome, *23 ; sym- 
podiuin, 18 
Polyyoninne , 507 

Polygonum, 508 ; ovary of, *442 ; leaf of, 
508 

Poly pod iucrae, 397 

Poly podium. 395, 398, 399, MOO 

Polyporeae, 365 

Polypi mis , *366 

Polytoiny. 18 

Pdytrichnut, 380, 389, *390, 891 
Pomaceae, phellogeii, 139 
Pomegranate, P union 
Ponwideae, 228, 564 
Pond- weed, Potainnyt ton 
Poor-mans Weather-glass, Anuyatlis ar- 
rcuxis 

Poplar, Popu/ux 
Poppy, J*apoirr 

Pvpulus, *496, 497 ; section of lmd, *37 
Port id at'd, seed, 292 

Positive stimuli, 250 ; heliotropism, 250 ; 

geotiopism, 255 
Potauvigeton, *488; seed, 292 
Potassium in plants, 170, 171, 201 
Potato, Sdanum tuberosum 
Potentilh , *430, *562, 503, 505, 567 
Putcrimn-, 564 
Prickles, 102 

Primordial leaf, 30 ; utricle, 53 
Primrose, Primula 

Prim nfa, 586; glandular lmirs, *101, 102; 

heterostvly, *285 
Pritnulaeme, 580, *587 
Prinudinae , 586 
Privet, Ligustrum 
Prtvearobium strands, 108 
Products of assimilation, 200, 201, 204 


Promeristem, 95 
Propbases, 82 
Prophylla, see Bracteoles 
Prosenchyma, 94 
Protandry, 285 
Proteaceae , 193 

Prothalliurn, 391, *392, 399, 404, *405, 
*408, *409, *411, *413, 415 
Protobasidia, 357 
Protococcoideae, 317 
Protogyny, 285 
Protonema, *378 
Protophloera, *105, *106, 108 
Protoplasm, 51, 53 ; inclusions of, 71 ; 

living, 177 ; movement, 240, 243 
Protoplast, 52 ; connection of, 88, *89 
Protosiphon , *323 
Protoxylem, 108 
Prunuideae, 565 

Primus, *562, *563, *565, 567 ; avium , 
bud-scales, *35 ; spinosa , thorns, 27 : 
rerasvs , gum, 69 ; growth, 226 ; per- 
sicu , attacked by Jinoascus, 355 
P sail iota, *366 
j Pseudoparenchyma, 339 
Psemlnperiauth, 384 

Pseudopodium, of Andraeu, *388 ; of 
Sphagnum, *387 
i Pxidium, 581 

j Pteridophyta , 391 ; roots, 15 ; bundles, 

1 106, 108, 109 ; cells, 147, 149; fossil, 

416 

Pier is, 398; vessels, *91 : bundles *109, 
*114; petiole, 118: roots, ~149 ; 
crcticu, 278 

j P/crocarpiis santalinus, 126, 578 
I Pucci nia, *360, *361, *362 
| Puff-balls, Lycoperdon\ 

I Pul monaria, 598 

! Pulpa eassiue tistulae, 572 ; Prunorum, 
567 ; Taiuarindormn, 572 
j Pulque, 184 
PulvinuH. 32, 268 

Pumpkin, Cucurhita Pepo , see also Ulut- 
i am in 

, Punim, Pv uieoceae, *579, 580 
i Purslane, Portufaca 

| Pyenidia, of the Pyremrmycetes , *352 ; 
| Vmlineae, *362 ; Lichens, 375 
j Pycnospores, Pycnoeonidia, see Pyouidia 
! Pyrenoids, 315 
i P yrenomycetes, 351 
1 Pyrocystis , 223 
I Pyrola, Pyrolaceae, 586 
Pyrounnn, *350 \ 

Pythium, 344 
Pyxidium, *450 

Qualitative Reproduction, see Sexual 
Quantitative reproduction, see Vegetative 
Quassia, *543, 544 
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Quercus, 498, *499, *500 ; bnd-suilea, 36; 
vessels, 92 ; midsummer growth, 125 ; 
suber, cork, 189; hark, 140, *142; 
galls, 153 ; growth, 226 
Quillaja , *565, 567 
Quillwort, Isoetes 
Quince, Vydonia 


Raceme, 485 

Racemose inflorescence, see -Bot.ryose 
Radial plants, 16; walls, 148, see also 
Actiiiorn orpliic 
Radicle, 49 
Radish, Raphanus 

Garden, Haphanus sntieus 
Radix Althaeae, 538 ; Angelioae, 559 ; 
Arnicae, 623 ; Bardanae, 624 ; Bella* 
<loimae, 603 ; Cal umbo, 520 : Genti- 
anae, 593 ; Gelsemii, 592 : Grarninis, 
487 ; Ipeeneuaiihae, 612 ; Levistici, 
559; Liquiritiae, 577 ; Onciidis, 577 ; 
Pimpinelloe, 559 ; JVretiiii, 624 ; 
Itatauhiae, 572 ; Rhei, 50 w ; Sarsa- 
parillne, 472; Senegae, 541 : Tarax- 
aci, 624 ; Valerianae, 614 
Ru (fleshly 58*2 ; . I nudd*, 27, 46 
Ru tflesiac.ru e, 582: rcdmt.min leaves. *2;. 
209 

Ranieiita, 395 
Rampion, Phytrumu 
Rauunetdarcue, 516 

Ru.uu nndus, *430, *513, *•>!•», ;»16, 5 1 j , 
518 : leaves. 34 ; bundhs, ?06, *107 ; 
Rape, Heassieu Xu pus (p/r(fnu) 


341 : «»f the 


397 ; of the 


Raphanus , 526 
Raphe of tin* Itiutnuu’W', 
ovules. 423 
Raphides, *75, 76 
Raspberry, Ruhus 
Reeeptaeje, of sporangia, 
flower, 429 
Red sandal wood, 5<> 

Reduction of leaves, 35, 41 ; of trui.sp.ra 
non, 192 ; of roots, 46 
Reindeer moss, Pfudou.n 
Rejuvenescence. 64, 273 
Reproduction, 157, 272 */'/• 

Reseda, 529 ; cells, *85 
Resethuroe, 529 

Reserve starch. 71 ; material, t»9, .01 
Resin, 22, 76, 93, 126, 134, 206 
Resina guiaci, 544 


Jalapae, 597 . 

Respiration, 216 ; movement of gases m, 


Respiratory roots, 46 ; cavitv, . • 
Resting -spores, 310 
Reticulate vessels, 91 
Revolving movements, 2:»8 
Rhabdonevna, 312 
Rhaehis, 82 
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Rhaot Hua:u(\ 547 
Hham iws , 54 < 

Hhatanv root 572 
Rheotaxis, 24 2 
! Rtieotropism. 261 
| Hilt uni, 508, *509 
j ftkinanf/ioiJme % 604 
I Rhinanth'ts , 604 ; hanstoria, 201* 

, Rhinites, 372 
Rhi&obiunt, *>10, 309 
likizocarpu e, 401 

Rhizoids, 15 ; of the Ilryuph idu, 47 H , 
386 ; of the Pteridophlftu , 392 
Rhizoma Ci.hii-i, 479 ; Filieis, 401 ; Gal- 
nngn**, 491 ; Grarninis, 487 ; Hydras 
tis, 518 ; lmperatonnc, 559 . iridK 
475 : Torment illne, 567 ; Veiutii, 471 : 
Zcdoarae. <91 ; Zivgib'ri •. 491 
Rhizome, 23 ; multiplication, 276 
RJnzouiurphu, *364 ; phosphorescence. 223 
Rhizaphorti, 291 
R hi'., pus, *344 
Rhudodrud ndthue, 58 1 
Rhtuhnneht subfrseu, 336 
lllusiojihyreue. 13, 331 
Uhr.utdinue, 523 
Rim barb, R/nntu 
Rhus, 511 
Rib's, *560, 561 
Rieufu, 379 ; form, * 1 l 
I Rn-' iur,',", 379 
Rice, f >/•//*'. 

French. Trdhum dir>m‘/n 
Rirhurdiu, 479 

Rieinux euniiiiums, *550. 552 ; ah imme. 

*74 ; palisade eel In 117 
Rigor, cold, heat, etc., 271 
Ringed bark, 140 

Ruhinio, 57 \ ; leaf, *43; t> loses, *126 
Rncr.iht , 372 

R.M'k-RoM, KurojM'un. Rr/uudhrmn n 
•jure 

Roestdia, 363 
Rootles* plants, 46 

Roots, 15. 43 47 ; cap, 15, 43, *149. *150 ; 
respiratory. 46 ; primary cortex, 114, 
sheath, 115; central cylinder, 114; 
hairs, *180, 181 ; pressure, *182, 
196; -tubercle*, *2)0; contraction 
of, 293 

Rom. 565. 567 ; ethereal oil, 76 
Rush eros, 56 1 
Rosemary, R»*»utrin us 
Rtudtftnne, 561 

Rosmarinus, 608 

Rust •id*. ft** 564 
Rosolic acid. 68 
Ro«Udhtm, 492 

Rotation of the protoplasm, 57, 243 
-slow, method of, 262 
Royal Font. Osutnuda rtyafis 
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Rnbiaceac , 610 
Rubidium in plants 170 
Rubiinae, 609 
Ruboideae, 565 . 

Rubus, *564, 565 
Rue, Rota graveoleus 
Rumex , 508 ; acids, 78 
Runners, see Stolons 
Humus t, *26 
Rush, Bog, Junev* 

Flowering 4 Butomus 
Wood, Lamia 
Russula, *303, 367 
Rust fungi, Uredinme 
Ruta , *543 
Rutaceae, • 542 

Rye, Sccale ; attacked hyfJlaciccpSy 352 


SabatlH/a, 470 
Stream in ft t 281 
Saccharine in sap, 183 
SaecharomgceSy 356 ; form, *11 
So who ram gccfes, 3 5 6 
Saccharose, 77 

,8 turhurvmy *486, 487 ; wax, *96 
Sacred Lotus, Nclumhitnn 
Saffron, 475 
Sage, Sahia 
Sagitfona, *488 

St. John's W ort, common, Ugperieum 
perforatum 
Salcp, Orchis 
Saficaccaey 497 
Salisbttn/a, 457 
Sttlu\ *496, 497 

Salsify, Trtu/optH/nu porrif olios 

Salem y *286, 291, 439, 608 
Salriniu , *402, *403, *404. *405 ; root- 
less, 46, 179 
Salriniaccgcy 402 

St imbue us, *612, 613 ; phellogen, 140, 
*141 ; shoot of, *168 
Samohts. axillary shoot aiul leaf, *22 
Sandalwood, Sautolom album 
Red, 578 

Sandwort, Arena ria 
Stingo isorluiy 564 
St (ninthly 557 
San/atamtfy 209, 582 
Hautalin, 126 
Santahtniy 582 
Hap, 188 ; -cavities, 52 
Sapi tu facet tt'y 544 ; wood, 136* 

SapituiiHUf* 544 
SapttnariOy 512 
Saponin, 78 

Sapotacror, 586 ; resin, 76 
Saprtletjnmu\ 342 
Saprophytes, 206 
Sapwood, 126 


SarciuOy 309 
Sargasso uiy 326 
Sarothamuv8y 193 
Sarracenuty trap, 216 
Sarsaparilla, 472 
Sassafrosy 523 
Saturday 608 

Su.nfragOy 561 ; calcium -carbonate, 99, 
192 

Sax.ifragace.oCy 560 
Saxifragiuue, 559 
Scobinsa, 618 

Seal ariform vessels. *91, 108, *109 
Seale leaves. 31, 35 ; hairs, 102 
Scaly bark, 140 
Sea ltd ix , 557 
Scniedesm us, *8 1 8 
Sehisfttstego , 223, *390, 891 
Sch izoeoceoc, 398 
Schizoearp, 450 
; SrhLom i/crtesy 304 
Sell ixophgccuc, 3 1 0 
Schi:j»phgta, 310 
Srhizosteles, 114 

Schulze’s macerating mixture, 91 
Sr ill tty 470 ; mucilage, 76 
Scicpn'olctU'y 482 
Sri epos, 182 
j Seitumiume, 489 
I St'feraulhusy 512 

: Selereuchyum, 113 ; development of, *168. 
236, 264 

Sclereiuhymatous fibres, *70 
Scleroderma vu/tfocr , *368, 369 
Sclerotiuin of the Mt/xomt/ccfcs, 55, 303 ; 
of the fungi, 339 ; of ClorieejtSy 354 ; 
of the //t/meiiom t/ecfesy 364 
Sc.ohpendrivm, 395, 398 
Scojio/ia, 003 

Scorpioid cyme, see (Jiucinnvs 
Scor-joterUy 623 ; latex vessels, *91 
Serttphulariay 604 
Seraph ulariaerne . 603 
Scutellum, 292, 482 
Scgfoitema, 375 
Sea-lavender, Statire 
-rocket, Vakitc 
SeeaU'y *485, 486 
cornu turn, 355 

Secondary growth of Monocotyledons, 138 
Sedge, Cypcraccae 
Seda oi y 193, *560 

Seed, dissemination, 288 ; germination, 
291 ; development of, 447 
-leaves. 49 : -plants. 447 : -coat, 448 
Seedlings. 292 

Selaginello, 411. *412, *413, *414 ; mono- 
pod ial, 18 : desiccation, 177 ; plios- 
I phorescence. 223 ; movement, 247 % 
dehiscence of sporangia, *412 
StlagineUaeeoey 394. 411 : bundles, 108 
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Selective power of cells, 176 

selenium iu plants, 170 

Sem<m Areeae 478 ; Calabar, 577 ; Colae, 

r™e’.. C w« C, ’w 4/1 ; C J' ,l0,,i " e > W7: 

Erocae, 52# ; . Foe >'«STnt-c i. 577 ; Lini, 

-.40, Mymt’cae, 520,- tMpa.eris, 
529 , Quercus, 500 : fcaba.lillae, 4 72 ; 

• mapis, 526 ; Stramonii, 60:S : Ktro- 
pliauthi, 594 ; Strvchiii. 590 
■'•'-‘XJvi-vi'niM, 193, 560 
Seneca. Sctter/a 

Srvecm, Srnecionedf, 623 
Senega, 541 
Senna. 572 
Sepal, 36 
Separation, 273 
Septate wood- Maes, 129 
Septiciiial dehiscence. 4jp 
Snpmia, 238, 461 
S>fjania, 130, *139 
Semite leaves. 32 
»S 'rsf/rid, 193 
Sessile leaves, 31 
Seta. 389 

Sexual generation ot the Ovnmowp, 

439, 440 ; of the AngiospcmiN. 140, 
442 

Sexual reproduction, 274, 27!' 

Shallots, Afiiuni iiscafnH ion a. 

Sheath, 34 ; ooudu* ting, 203 
Sheep’s- hit, Jo.sinn? 

Shepherd's Needle, So,,,/;., 

I’urse, f ‘a jm't/o 
S/tr rat'd id t Oil 

Shields of the f 'Iwfm'nu , 339 
Shoots, ] 8*29, 154: -apex. *19; adventi- 
tious. 225 ; pole, 227 
Shrubs, 29 
Sinfiis, *204 

Sieve-tubes. V»5. 89, *90, MOti ; -pjate>, 

6/, 89, *90 ; -v»*>sels, <S9 ; parenchyma, 

106 

Siui/biiikae, 417 : thickening, 122 
Sifvm, SUeanidrar, 97. *511, 51 2 
Silica, 70, 96. 12*5 % 

Siliceous bodies, 76 ; earth, 313 

Silicon in plants, 170, 174 

Sdiadomc, 524, 526 

Siliipia, 449 

Sii d/u mae. 524. 526 

Silphiuv, luciniatum. 253 

Silver in plants, 170 \ 

Si, narid, awn*. 514 

Simple leaf, 32 

Sittapiu, 526 : light, *235 

Sinistrorse stem-cIiuiW, *259 j 

Sinuate leaves. 32 ! 

Sij >h>>, tear, 322 ; multi nuclear. 59 : tissues, 

92 ; polarity, 227 ; flow of protoplasm, ; 

245 ; fossil, 415 
Siphonognrns, 440 


! 526 

; *’»». 557, *558, 559 
; Sleep movemeats, ,*v Nyctitivpi, 

Mime fungi, Jip.nnnvfttfv 
| Smtt'u, 471 , 625 
j cotyledons, 292 

j Snake-root, /W^, t Sr^ H 
Snapdragon, Antirrhinum 
: Snap weed, m patina. 
i Snowball tree, 17/w, am,} 
j Snowdrop, tla'aidho, 
j Snowflake. l.ato,j Vh , 

Soapwort, St po, Kina 
Sodium in pi uith, 170, 174 
Soil, absorptive purer, 181 
Sotdnairdr, 599 
Nolaniii, 78, 205 
SJdutn,,' *0on no I ; mjIki. "25 : < 
id leaf. *.il2 . tuhr 
Solid ",.. , 6*23 

Soions'ijj s M*eh i fit it, t"itj/ifi,, 

Sairhit >, 623 
Sirliifi. 501 

Sored ia. 372 

S "'<)},»»)< 486; amylodextr 
Sorrel, /tm,KS 
Sorus, 397 
Sow-Thistle, S 

S/tidirijrton,,' j;;, 

Spadix. 435 

Spditu hi, 26 

Spud, mfi ,t m 191 
Sj <eeti mu o| chlorophyll, *‘61 
Sf*-ntlarid, 615 
Speeii Well, I ’ntmifa 
Spelt, 1’ntnuni S/tefta 
Spcnjula, 512 
Spetfiinpliytc, 4 1 7 

Sja*rnmtia. of the lied Alga . 334 ; 

f'rtdnoat, 360 ; Fungi, 375 
Sjieniiatnim. 334, *374 
Spernmt»»/.oid. *87, 280, *410 
Sjawmogonia, 360, 374 
SpJwr,’h,t t 353 
S/damefla. 318, *31 ft 
Sp f,a ft’ ia. 352 
Sphdffttlhtdlia, 373 
SphaeratJiffo, *348 
SphfHjMffKf, 238, 386 
Sphut/nuiH , *385, 38* 

Sp/tf tu,ph tflf in»t t 4 1 7 

SphfHOph 1(11 Hill , 417 

Spike, 435 

Spikelet* of Uramidfnt , 483 
S(fddntht\ 624 

Spinach, Spina f %a 
Spindrift, 51 1 

Spindle, 32 ; libra*. *80 ; -tree, fa on p matt 
Spi,vm % Spiraemdrm, 565 
Spiral m§eK 91 
SpinlfHH., *11, 304, *305 
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.Spirochael*, '!!, 3%4, 388 
Spir6gyra y *314, 316 ; cells, *84 ; move- 
ment, 242 
Spirotoheae, 525 
SpiruUnat, 242 
Splaehnum , 389 
SpongiUa, 213, 317 
Spongy parenchyma, 117 
Sporangiophores, *342 
Sporangium, 302, 317 ; opening, 247, 398 
S{>ore8, 48, 279, 300 ; of the Myxomycde-% 
*54* thinning, 67 ; desiccation, 177, 
dissemination, 247 
SporOearp, 402 
Hporogonium, 378, 380, 389 
Sporophyll, 30, 393, 425 
Sporophyte, 392 
Spring, wood, 125 
Spurge, Euphorbia 
Spumy, Spe.ryv.lo 
Stability of the plant-body, 102 
Stachys , 008 
Stalked leave?, 31 
Stamens, 30, 421, 120 
Stmninodes, 427 
Stapdia, 596 
Staphylococcus 308 
Star* Anise, J Hid mu 

Starch, 71 : grains. 197; transitory, 204 

Stanvort, Stdlo do 

Static. e, 588 

Stcifocarptu\ 389 

Stele, 112 

Stdtoria , 512 

Stdlatae , 01 1 

Stem, 111 ; climbers, 257: s»*e also Ads 

St e man it i*, *302, 303 

Stereo! iaceae, *535 

Stert'Oine, 107 

Stereotaxis, 242 

Stercuw, 305 

Sterigmata,'348, *303 

Stick wort,, Stdturio 

Stigma, *428 

Stigmatic fluid, 1*92 

Stinging hairs, *100, JO! 

Stiffs 193, 247 
Sti|«?. 865 
Stipules, 31, 34 
Stock, Matthiolo 
Stolons, 24 

Stomata, 97, 188, 221 
Stonecrop, Mossy, Sedum < 

Stone-fruit, wee I)rnpe 
Stone worts, Churarcoe 
Storksbill. EnnHum 
St rot totes, 488 
Strawberry, Fnujurio 
Streaming of protoplasm, 245 
Streptochada, 484 
Stn'/rtococcus, 308 


Strieker uu *352 
Stroma, *353 
Strontium in plants, 170 
Strophaathm , 594, *595 
Structural deviations, 152 
Strut hioptens, 395 
Strychnin, 205, 592 
Strychms, *591, *592 
Style, *428 
Styracaceae , 586 
Sty rcix, 586 ; liquidus, 561 
Suberin, 69 

Suberised cell-walls, 69 
Subsidiary cells, 98 
Subtending leaf, 20 
Succisa , *618 

Suction roots, 46 ; of transpiring shoots, 
186, *187 

j Sugar, 77, 198 : -cane, Saccharuut 
! Sulphur in plants, 77, 170, 171, 220 

j Sulphuric acid, action in protoplasm. 57 
1 Sumach, Rhus 

! Summer Savory, Soturcia ; Summer spores, 

| see Urcdofipores 

. Sundew, Druse ro 
j Sunflower, I/d tout hits 
Suspensor of the embryo of Lyctpadioccot , 
411 

s Swarm-spores, *54, 241, 302. 317 
Sweet Basil, (trim urn 
' Bay, Lauras unto'./ is 

| King, Acnrus 

Sycamore, . I err pseudo- /data n us 
; Symbionts, 206 

: Symbiosis, 209, 210, 317, 370, 403 
Symbols Ibr periods of growth, 29 
. Symmetry, relations of, 16 
Sympetolae , 583 
Symphytum , 598 

Syinpodial inflorescence, see C'ymose 
Sympodium, 18 
Syncarpous gyncccium, 427 
Svnergidae, 442 
Syriuya , 226, 591 

; Syrupus CVrasorum, 567 ; Mori, 505 : 
1 Rubus fdaei, 567; liibium, 561 
Systems of classification, 297 ; srr also 
Tissue 

! Tabjisheer, 174 
! Tactile pits, *64 : hairs, 103 
Tautanmceae, Tamadx, 531 
Tamo rind ns, *570, *572 
Tannin, 76 

Tapetuin of the Pteridophyta , 393 
Taphriua, *355 
Tapioca, 550 
Tap-roots, 45 

i Torosacum, 166, 623, *624 
j Tarragon, Artemisia Draco u cut os 
Tartaric acid, 205 
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Taxaceae, 459 
Taxineae, 132 

Taxodioideae , Taxotlhm, 461 
Tax its, *458, *459 ; bundles, 119. *T2Q 
Tea, 531 ; see Thea 
Teak- tree, Tectona 
Teasel, liipmcvn 
Teat nut , 605 
Tectona , 608 
Teguinentary system, 95 
Teleutospores, 359 
Tellurium in plants, 170 
Temperature, "ittnenee on growth, 233. 
*266 


Tendrils, 27, 41 

Tentacles, 102, 215 

Terebinth ina, 464 

Tcrebinthinue , 541 

Tern st mem iaeeae, 5 3 1 

Tdrutfonia , seed, 292 

Tetruspores, 333 

Teurrium, 608 

That </ ,n ijtarae, 427 

That id rum, 119, 517 

Thallium in plants, 170 

Tluitlopln/tu, 299; form, 14, 59; fossil. 

415" 


Thallus, 10-14 

Thu inn idiom, 340 

That, 531 

Thecas 426 

Them, 205 

Tlwteyhoreae, 365 

Tlu oh ro m a , *535 

Theobroniin, 205 

Theortdi^gl diagram, 39 

TliermatnP$»m, 261 

Thtsinm , 582 ; Hailstorm. 209 

Thickening of stem, 122. !*•< 

Thiginotaxis. 212 
Thistle, Messed, Cuo'u ' 

Common, f’ireivnt 
I’lumeless, t 'ardor' 

Th India a/ lot did, in, 225 
Tb Inept, 171, 526 % 

Thorn-apple, thdura 
Thorns, *27 
Thorough- wax. Ha plea • 

Thorouglnvort, »/#'/'" in a* 

Thrift, J rmerio 
Thuja, 461 
Thvme, Tlii/mu* . 

Thy me/ a tut, Tltymeioeniar, o4< 

grains, *422 
Tiliaceae . 533 
Tillandsia, 193 
Til let in, TUMiamtr, 3*>S. d;*. 




! ot, 111 ; seeoudtry, 122 ; tension of, 
16tf ; meehauktai, 167 
Titanium in plants, 170 
Toad-thlX. Tutor ia 
' -stools, lyarit'iitt'or 
Tobacco plant, Sicilian a 
i Titom o friro na, 273 
! rUni/aa, *573 
I 7Wj//*75y«i*. 338 
' Tomato, TyeojHrvi ■ 

Ttovrntctfit, ha*idiu, *357 
Tonopiast, 5 1 
, Tooth wort, L*t thrum 

' Toi'ili * , 557 
1 Torsion, 247. -58 
i Torus, *65, 66 ; of flower, 429 
5 Touch-me-not, l put icon 
■ Touch-Wood, f'vli/fHints ftmimturiu'* 

; Traelie »*, 90. i 05. * 1 H0.‘ * 1 32 . 1 86 
, Tracheal porti >i *f vast uiar bundles 105 ; 

i t IN. lie, 128 

; TrachenK 7e, 105. *127. *129 
\ Trudeau, thu, hair*, *58, 101 ; nucleus, 

\ “83 ; epidetmis, *98 

, Ting aca id h.t. 577 
! Titujf/tofjon. 623 
Ti. -u elusion strand-, 1 1 4 
Transits i standi, 201 
Triu epir.it urn, 179. 1M. 18" 191 
Trau-\ersil genintpism, 25o ; helintropism, 

J 253; /\ w'omorphtnm, *134 

jr.o/n, 236. *57 9 
Tuacle licet did, Erm-twu m 
'lr<-c, 29 i terns, i'ltal/oo* *>•> 

T’t. J.tll. Tiijd'ftn 
Ti'noiitt. ha«idia, *357 
T,.,„rm.tao, 363 
T't alt fv/o'oi, 319 
Tin Um, 303 
Trie hn|!) ne, 331 
T r n ho, tm in'*. 399 
Tli* home*. HM* 

Trnm-rot. 217, 548 

Tn folioidno , 57 1 

Tri/oitam, 5 1 4 

Tt iff/nr/t < a. l HVi 

Tin/i'iidm, »*# 4 

TrinielolH ft"W *06 

Tr.'morphic betel mt> l>, 286 

Tnploc itulescent plants. *28 

T i/ottm, ‘485. 486. ah-woim, 75 ; growth, 


231 

T>uf»n'otnna , MO 

Trillion Jinn, 510; leaf, *191 , rhroumto* 
,,h or<-- *62 ; am v hod, 69; water- 
*99 ; exudation, *191 ; Indio* 
tropistu. 253 

Tropboplami, 58 

Trn tile Fungi. Ttdrmnm 
T*ta/a iftiindf iou*, leaf hud of, 

TulH*r, 24. *25, 36 . multiplication of. 276 
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Tuber, *354, 355 

Tubera, AcdttBi, 518 ; Jalapae, 597 ; Salep, 
494 

Tuberaceae, 355 

Tubercle fungus, Bacillus Tuberculosis 

TutjiJtorae, 596 

TnbvHjiorae, 622 

Tulipa , 470 ; bulb, 24 

Turgiility, 163 

Turgor, changes of, 163, 164, 165, 263 ; 
tension, 230, 246 

Turnip, Urtissica Rapa , sec also Betain 
-cabbage, Massica Napvs ( Napdbrassica ) 
Tussilago, *620, 621, 623, 624 
Twin-flower, Linnaea \ 

Tyloses, *126 

Typhus bacillus, *305, *307, 308 
Tyrosin, 201 

Ulhnnnnia , 465 
Vhnaceae , 504 

Uhnux, *503, 504 ; leaf, *30 ; ovule, *413 
Vhlkrix, 319, *320 ; swarm -spores, *87 
Vim, 319 ; form, *12 
Umlnd, 436 

V mbell ifertu', 555 ; oil-ducts, 93 

UoMlifbune, 552 

rnoaria , 611 

Undulate leaves 32 

Unequal growth, 247 

Uniaxial plants, 28 

Unicellular hairs, 101 

Unisexual flowers, 425 

I'redineue, 359 

(/redo, 362 

llredospores, -860 

Vrginea, 472, *473 

mica, *506 ; hairs, *100, 101 

Vrtieucet u\ 506 ; latex, 77 

Crtlcinue , 503 

I'snea, *373 

rstihujinucmr, 357 

Cstilago , *358 

Utilisation of products of assimilation, 
200 

t'frieulanu, 606 ; leaves, 41 ; root, 40 ; 

glands, 215 
Ch'intla ciacctte, 606 

Vaceiuiuideae, Vacrinium, 584; fungus on, 
*364 

Vacuoles, 52, *53, 55, 229 
Vagina, 31 
Valeriana, *618 
Valeria mteeae, 613 
Valeria nelfa, 614 
Vntlisnrruu 282 
Valvate leaves, 37 
Valves, 311 
Vanilla, *493, 494 
Vanillin, 68 


Varec, 331 
Varieties, new, 153 
Vascular tracheids, 71 ; bundles, 104 
Vancheria, 322, *323, *324 
Vegetable ivory, Phytclephas 
Vegetative cell, *87 ; point, 146 ; repro- 
duction, 274, 276 
Velamen, 45, 104, 193 
Velum, 367 
Venation of leaves, 33 
Venus fly-trap, Dinnaea 
Venus's looking-glass, Specular ia. 
Veratrinum, 205 
Veratrum, 471 

Verbascvin , *603, 604 ; leaf, 32 

Verbena, Verbena ceae, 608 

Vernation, 37 

Veronica, 604 

VerrUcaria, 372 

Vervain, Verbena 

Vessels, see. Trachea? 

Vetch, Lath gnts 
Vibrio, 304,' *305, 308 
Viburnum , 612 

Viciu, *572, 574; root, *210 ; growth, 
*232 

Virioideae, 574 

Victoria, 523 ; warmth bv respiration, 
221 

Vinca, 593 *594 
Vinceto.cicum offiritatlc, *596 
Vine, Vitis nui/eru 
Vinum, 547 

V it du, 529, *530 ; epidermis, *100; stipule, 
*102 

Vinlaceui’. 529 

Violet, Viola * 

Alpine, lU/cltnncn vuntpaeutu 
Vi i Kir’s Buglo.ss, Eehium 
Grass, Semitone ru hi spa aim 
Virginia creeper, A m pelopsis 
Viscuni. 582, *583 ; false dichotomy, 18 ; 
epidermis, 139 ; nutrition, 209 ; hypo- 
eotvl, 253 ; continuity of protoplasm, 
*89 

Vitaceue, 546 

Vital attributes 158 - 

Vitis, 546 ; tendrils, 27, 264 
iucomtanx, *265 
Vittas, 93 
Volvo, 367, 370 
Vtdvocartvie. 318 
Volra*\ 319 

Walchia, 464 
Wal J flo wer, C 'hei ninth us 
Water -culture, 173 ; imbibed, 177, 179 ; 
distribution of, 182 ; exudation of, . 
187, 191 ; agency for dissemination of 
seeds, 290 

Water-ferns, l ft/d rapt endear 
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atwr-lily, Sifmptum 
♦milfoil, 

-part, 

*. *okii«\ ObratwiM 
-stomata, 

•wort, iSfetfow 
44>ip:,7'«, 013 
WV/n'/irAw, 404 
Wheat. Triticttm 
" mummy,” 177 
Whork 431 
Willow, Satis 

Winter pore*, Teh'UU>sj>o»v* 

hml 23, 35, ) 03, 1*77 
HVsfarui, f»77 
Witcbes'-hrontus 
WfVMi, Imatis 
W'Jft K 480 ; rootle^K 40 
Wood, 128 , parenchyma, 100, 127, *181 ; 
*tramk 121 , lute, 125, *127; heart . 
125, gup*. 120; film*- 127. *131 
Woodbine, Limit* m 
Womltruif, A sf tern Li 
Woodxomd, Usaiii* J^/nve/A* 

WurmwoMl, 

Won mis, 1 12 

Xatitbin, 7' 

Xn.itfitHw. »*28 

Xnnthoph)li. 00. i* 


Xo»U*r«, *371. *378, 37* 

; Xylwu, mt Tndml portion 
| Xylochrom*, 135 

i 

( Yaw, hiomytrmme 
I Yarrow, Aehfflm * 
i iVIVnv Pond-lily, ,V 'v.uhn, 

1 * mttU, RhimtHibtt* 

! -won, f 'hjiwt 
> Yw, T<uu4 

j r«m» 171 ; thlclieniti#, 138; moth. 214 

Zamta. *440 
ZuHHtfhAlm* 483 

, Xowmuf 280 

Zf<K *400, 4 »«: bundle*. *105. MO0 ; 

; -Win, *112 

Zinc m plattiit, 170 

" {00, 401 ; ethereal .01, 70 
Xi h'j ituv *' . 'v«>, 4 8ft 
2 «Otflt»*A, 304 

Zck)sjh»uj*, <mv Swnrni xjM»r*‘s 

Zmttrm, 488 

Ztftfhnfin, %iitjtuutttn‘rtti\ 310 

Xygniitorphn plant/*. 10 ; Hotter*. *433, 
*431 

Zy*jm» 341 
ZwifihltfitiMf, 511 

/,\^i/Ap»r« v. 300; of the f '»njmjnttu\ 311, 
*815. 310 , of .t/iifor, *345. 340 
Xyjfntv, 300 
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